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INAL  REPORT,  WATERWAY  FROM  LOCKPORT,  ILL.,  TO 
THE  MOUTH  OF  THE  ILLINOIS  RIVER. 


LETTER 

FROM 

'HE  SECRETARY  OF  WAR, 

TRANSMITTING, 

JTH  A  LETTER  FROM  THE  CHIEF  OF  ENGINEERS,  FINAL  REPORT 
!Y  A  SPECIAL  BOARD  OF  ENGINEERS  UPON  WATERWAY  FROM 
DCKPORT,  ILL.,  BY  WAY  OF  THE  DES  PLAINES  AND  ILLINOIS 
DIVERS,  TO  THE  MOUTH  OF  SAID  ILLINOIS  RIVER,  AND  CERTAIN 
DELATED  SUBJECTS. 


Cbuary  20,  1914.— Referred  to  the  Committee  on  Rivers  and  Harbors  and  ordered 

to  be  printed,  with  illustrations. 


War  Department, 

l  Washington,  February  18,  19  H. 

Speaker  of  the  House  of  Representatives. 

;ini  1  ,liaTe  the.  ^onor  to  transmit  herewith  a  letter  from  the  Act- 
o  Chief  of  Engineers,  United  States  Army,  dated  17th  instant, 
tether  with  copy  of  final  report  by  a  special  board  of  engineers, 
«ed  August  15,  1913,  with  maps,  upon  waterway  from  Lockport, 
{  by  way  of  the  Des  Plaines  and  Illinois  Rivers,  to  the  mouth  of 
f  iois  River,  the  construction  of  dams  at  or  near  Jefferson  Barracks 
i  Commerce,  and  certain  related  subjects,  made  in  compliance 
r[i  the  provisions  of  the  river  and  harbor  act  approved  June  25,  1910 
Very  respectfully, 

Bindley  M.  Garrison, 

Secretary  of  War. 
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War  Department, 

Office  of  the  Chief  of  Engineers, 

Washington ,  February  17,  191 4 
From:  The  Chief  of  Engineers,  United  States  Army. 

To:  The  Secretary  of  War. 

Subject:  Waterway  from  Lockport,  Ill.,  by  way  of  the  Des  Plai 

and  Illinois  Rivers  to  the  mouth  of  Illinois  River. 

1.  There  is  submitted  herewith,  for  transmission  to  Congress,  fi 
report,  dated  August  15,  1913,  with  maps,  by  a  special  board 
pointed  pursuant  to  the  requirements  of  the  river  and  harbor 
approved  June  25,  1910,  to  consider  and  report  upon  a  waterv 
from  Lockport,  III.,  by  way  of  the  Des  Plaines  and  Illinois  Rivers 
the  mouth  of  Illinois  River,  the  construction  of  dams  at  or  n 
Jefferson  Barracks  and  Commerce,  and  certain  related  subjects. 

2.  Under  date  of  November  1,  1910,  the  special  board  submitte 
preliminary  report,  which  is  printed  in  House  Document  No.  1C 
Sixty-first  Congress,  third  session,  and  under  date  of  January  23,  1C 
it  submitted  a  further  report,  printed  in  House  Document  No.  12 
Sixty-first  Congress,  third  session,  covering  five  of  the  nine  questi 
specifically  mentioned  in  the  act.  Attention  is  invited  to  tt 
reports  for  detailed  information  regarding  the  project  reeommen 
for  the  construction  of  this  waterway.  The  subjects  treated  in 
present  report  of  the  special  board  include  such  measures  as  may 
required  to  properly  preserve  the  levels  of  the  Great  Lakes,  the  in 
ence  on  volume  and  height  of  waters  in  the  Mississippi  River  be 
Cairo,  the  effect  upon  the  climate  of  the  Lake  States  by  a  chang( 
the  natural  currents  of  Lake  Michigan,  and  the  improvement  of 
Mississippi  River  between  the  mouth  of  the  Illinois  River  and  j 
mouth  of  the  Ohio  River  by  the  construction  of  a  dam  at  or  r 
Jefferson  Barracks,  and  a  dam  at  or  near  Commerce,  and  the  deve 
ment  of  water  power  incidentally  created  by  such  dams. 

3.  The  special  board  finds  that  the  diversion  of  10,000  cubic  > 
of  water  per  second  through  the  Chicago  Drainage  Canal  would  loi 
the  water  surface  at  mean  lake  level  0.465  foot  in  Lakes  Huron 
Michigan,  0.448  foot  in  Lake  Erie,  and  0.431  foot  in  Lake  Onta 
It  proposes  the  construction  of  submerged  weirs  in  Niagara  Rivel 
hold  up  the  level  of  Lake  Erie  and  submerged  weirs  in  St.  Clair  R  i 
to  hold  up  the  level  of  Lakes  Michigan  and  Huron,  at  a  total  estinue 
cost  of  $475,000,  with  $15,000  annually  for  maintenance.  The  in 
ence  on  the  volume  of  the  Mississippi  River  due  to  any  diversion  f  i 
Lake  Michigan  will  be  an  increase  approximately  equal  to  the  ama 
of  water  diverted. 

4.  The  effect  upon  gauge  height  will  be  small,  even  at  low  stages,  n 
at  high  stages  it  would  scarcely  be  appreciable  and  of  no  importa  m 
The  effect  on  the  climate  of  the  Lake  States,  caused  by  the  divero 
of  10,000  second-feet  of  water  through  the  Chicago  Drainage  Caa 
whether  beneficial  or  injurious,  would  be  so  small  that  it  could  nob 
measured  by  the  most  delicate  instruments.  The  special  b<r 
reports  that  the  construction  of  dams  at  or  near  Jefferson  Barr.  b 
and  Commerce  is  not  necessary  for  the  execution  of  existing  proj'f 
for  the  Illinois  and  Mississippi  Rivers,  nor  of  the  projects  recffl 
mended  in  the  partial  report  printed  in  House  Document  No.  lfi 
Sixty-first  Congress,  third  session.  The  work  would  be  enormosl 
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xpensive  and  not  justified  by  resulting  benefits  to  commerce  and 
avigation,  nor  by  the  returns  from  water-power  development. 

5.  The  recommendations  of  the  special  board  are  contained  in  the 
lartial  report  referred  to  above.  It  states  that  since  the  submission 
:  that  report  nothing  has  developed  to  require  any  changes  in  the 
atements  and  conclusions  therein  given. 

6.  This  final  report  has  been  referred,  as  required  by  law.  to  the 
oard  of  Engineers  for  Rivers  and  Harbors,  and  attention  is  invited 
►  its  report  herewith,  dated  December  16,  1913,  which  gives  a  brief 
ialysis  of  the  entire  investigation.  The  board  concurs  in  general 
1  n?  Tle?vs  tlle  special  board,  though  with  the  information  now 
pliable  it  is  not  prepared  to  indorse  the  discussion  in  all  its  details, 
lbject  to  certain  conditions  fully  explained  in  its  report,  the  board 
commends  the  adoption  of  the  project  presented  by  the  special 
,a™>  n^u°h  “,volye?  a.n  original  outlay  by  the  United  States  of 
,050,000  for  the  Illinois  River  and  $3,710,000  for  the  MississinDi 
ver  or  a  total  of  $4,760,000  for  a  navigable  channel  8  feet  deep 

l mi  Utica  to  St.  Louis.  H 

Edw.  Burr, 

Colonel ,  Corps  of  Engineers, 

Acting  Chief  of  Engineers . 


I/PORT  OF  THE  BOARD  OF  ENGINEERS  FOR  RIVERS  AND  HARBORS 


[Second  indorsement.] 

Board  of  Engineers  for  Rivers  and  Harbors, 

I  December  16,  1918 . 

J  ihe  Chief  of  Engineers,  United  States  Army: 

y  The  Board  of  Engineers  for  Rivers  and  Harbors  has  had  under 
-isideration  the  final  report  of  the  special  board  of  engineers,  sub- 
atted  pursuant  to  the  following  item  contained  in  section  1  of  the 
..er  and  harbor  act  approved  June  25,  1910: 

or  the  eonstruction  of  a  waterway  from  Lockport,  Ill.,  by  way  of  the  Desnlaincs 
I  Ijhnms  Risers  to  the  mouth  of  said  Illinois  River,  $1,000,000*  The  Secretary  of 
shall  appoint  a  board  of  five  members,  to  be  composed  of  four  engineer  officers  of 
Army  and  one  civil  engineer  taken  from  civil  life  The  president  of  the  board  of 

lerXVwsVl  rlZ  ,Under  aCV0f  March  2'  1907-  t0  ^mine  the  MissiSppi 
IiJwf  k  Louis  and  report  to  Congress  on  the  project  of  a  14-foot  channel  shall 

L  member  or  and  president  of  the  board  herein  provided  for  Said  board  shall 

ipLPPOn+uhe/ea^bility  °f  such  waterway,  and  the  most Advisable  dep th  and 
D.  U  ons  therefor,  m  case  the  same  is  recommended;  also  upon  such  measures  as 
a  sn  Ieqmred  Pr°Pel’ly  preserve  the  levels  of  the  Great  Lakes  and  to  compen- 
v  ::srcable  fc0r  the  diminished  level  in  said  lakes  and  the  connecting 
bmr-P^fth  by  reasU  of  anF  diversion  of  water  from  Lake  Michigan  for  the  main 
B  YEA  the  proposed  waterway  herein  described,  or  diversion  for  any  other  purpose 

i-i  R hi NllowXm  snd  6  on,volume  aad  h«ght  of  waters  in  the^iS 
EL  oeiow  Carro ,  .  and  further,  also,  as  to  the  effect  upon  the  climate  of  the 

Hates  by  a  change  in  the  natural  currents  of  Lake  Michigan  The  board  shall 

fuU  conference  with  the  authorized  agency  of  the  State  of  Illinois submfr  a 

Be  ofEblf  ?xtent  to  which  the  United  States  may  properlv  cooperate  with  the 

o'e Lomu' the  construction  of  a  navigable  'waterway  from  lockport 

'dr  bT  affi  State  birU1S  ?lvf  conjunction  with  the  development  of  wa?er 
f  llinki  u  bta.te  between  Lockport  and  Ltica,  for  which  the  people  of  the  Stafp 

e  rtshalWate^e^ extent 5eneral  aeUUbly  to  appropriate  $20,000,000;  the 
o  litinriQ  U  "  -5  *  ^  extent  and  character  ot  the  cooperation  recommended  and  the 

n|w7thneCbonedCti°n  th/reWlth  t0  fuUy  P-tect  Sit  interests 
a  states.  Should  the  board  consider  cooperation  to  be  advisable,  the 
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report  herein  called  for  shall  include  plans  and  estimates  of  cost  of  the  work  rec 
mended  to  be  done  by  the  United  States  alone  or  in  cooperation  with  the  Stat 
Illinois;  and  until  these  plans  and  estimates  have  been  submitted  and  a  projeci 
the  improvement  adopted  by  Congress  the  appropriation  of  $1,000,000  herein  n 
shall  not  be  available  for  expenditure.  The  board  also  shall  consider  and  re 
upon  the  improvement  of  the  Mississippi  between  the  mouth  of  the  Illinois  River 
the  mouth  of  the  Ohio  River  by  the  construction  of  a  dam  at  or  near  Jefferson  ! 
racks  and  a  dam  at  or  near  Commerce,  and  the  development  of  water  power  inch 
tally  created  by  such  dams.  In  the  performance  of  its  duties  the  board  may 
eider  all  reports  heretofore  made;  and  the  force,  plant,  and  recoids  of  the  Mississ 
River  Commission  and  the  several  engineer  districts  between  Chicago  and  Cairo  £ 
be  available  for  the  use  of  the  board.  The  members  of  the  board  herein  author 
shall  be  entitled  to  compensation  at  the  rate  of  $6,000  per  annum,  but  the  off 
salary  of  any  officer  appointed  on  said  board  from  the  Engineer  Corps  of  the  A 
shall  be  deducted  from  the  compensation  provided  for  in  this  act.  For  salaries 
expenses  of  said  board,  including"  all  necessary  clerical  and  other  personal  serv: 
there  is  hereby  appropriated  the  sum  of  $50,000.  The  reports  herein  called  for  £ 
be  submitted  to  the  Chief  of  Engineers  not  later  than  November  1,  1910,  reviewe< 
the  Board  of  Engineers  for  Rivers  and  Harbors,  and  submitted  to  Congress  not  ] 
than  the  first  Monday  in  December,  1910. 

2.  Complying  with  the  requirements  of  the  above  item,  the  spe 
board  under  date  of  November  1,  1910,  submitted  a  preliminary 
port  outlining  the  steps  being  taken  to  procure  the  necessary  ds 
and  under  date  of  January  23,  1911,  it  submitted  a  further  rej 
covering  five  of  the  nine  questions  specifically  mentioned  in  the 
The  former  report  is  printed  in  House  Document  No.  1061,  Sixty-1 
Congress,  third  session,  and  the  latter  in  House  Document  No.  1 
of  the  same  Congress  and  session.  The  report  now  under  consul 
tion  covers  the  remaining  four  questions,  but  for  convenient 
reference,  a  summary  of  the  entire  investigation  is  given  below. 

I.  FEASIBILITY  OF  THE  WATERWAY. 

3.  In  the  valley  of  the  Des  Plaines  and  upper  Illinois  Rivers,  e^ 
lent  foundations  for  locks  are  available;  the  lower  Illinois  hi 
gentle  slope,  so  that  any  reasonable  depth  can  be  obtained  by  dr< 
mg,  and  the  present  diversion  of  water  from  Lake  Michigan  thro 
the  Chicago  Drainage  Canal  is  more  than  sufficient  for  naviga 
purposes.  It  is  therefore  the  opinion  of  the  special  board  that 
waterway  from  Lockport  to  the  mouth  of  the  Illinois  River  is  feas:l 


II.  THE  MOST  ADVISABLE  DEPTH  AND  DIMENSIONS  FOR  THE  WATERY H 

4.  In  determining  the  most  advisable  depth  for  the  waterway,! 
special  board  gives  consideration  to  the  character,  origin,  and  destu 
tion  of  the  probable  commerce,  and  the  type  and  dimensions  of  I 
vessels  best  suited  to  handle  the  traffic.  It  states  that  if  the  wffi 
way  is  to  be  used  by  vessels  capable  of  navigating  the  ocean  and! 
Great  Lakes,  it  should  be  given  a  depth  suitable  for  the  econo 
carriers  now  used  on  those  bodies  of  water,  which  would  fix  the  dc 
at  not  less  than  24  feet;  but  if  it  is  to  be  constructed  for  veifl 
adapted  to  river  traffic,  navigation  does  not  require  its  depth  to  ex  < 
9  feet.  A  depth  of  14  feet,  which  has  been  frequently  urged  for 
waterway,  is  greater  than  necessary  for  river  navigation  and  entff 
insufficient  for  either  lake  or  ocean  vessels.  A  uniform  depth  on 
Mississippi  and  its  leading  tributaries  will  be  far  more  benefick 
the  navigation  interests  of  the  United  States  than  a  main  chann  ( 
great  depth  with  shallow  feeders.  As  a  channel  of  8  feet  depth  is 
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Maintained  from  Cairo  to  St.  Louis,  and  can  be  extended  from  St. 
puis  to  Utica,  on  the  Illinois  River,  at  relatively  small  cost,  business 
ution  dictates  that  a  waterway  of  this  depth  be  obtained  and  tested 
I  fore  entering  upon  enormously  expensive  projects  of  questionable 

[ility. 

'5.  The  special  board  considers  a  bottom  width  of  160  feet  in  canal 
d  200  feet  in  thempen  river  above  the  mouth  of  the  Illinois  sufficient 
p  a  channel  of  8  or  9  feet  available  depth.  For  safety  and  ease  of 
vigation,  the  channel  should  be  excavated  to  11  feet  in  rock  cuts 
d  canals,  and  the  locks  should  be  given  11  feet  depth,  80  feet  width, 
d  600  feet  usable  length.  A  waterway  of  these  dimensions  w  uld 
ve  a  capacity  exceeding  100,000,000  tons  per  annum. 

III.  COOPERATION  WITH  THE  STATE  OF  ILLINOIS. 

h  A  project  has  been  presented  by  the  State  of  Illinois  which  con- 
nplates  the  development  of  water  power  at  four  sites  between 
ckport  and  Utica,  and  the  improvement  of  navigation  by  the 
istruction  of  five  large  locks,  80  by  900  feet  in  horizontal  d'imen- 
ns,  with  24  feet  depth  on  their  miter  sills.  This  project  proposes 
,*  utilization  for  power  purposes  of  the  water  which  may  flow 
ough  the  Chicago  Drainage  Canal  and  contemplates  an  ultimate 
mnel  depth  of  24  feet  for  navigation  purposes,  though  the  esti- 
tes,  amounting  to  approximately  $20,000,000,  provide  for  24  feet 
y  to  Brandon  Bridge  and  for  14  feet  below.  The  special  board 
tes  that  the  waterway  proposed  is  more  than  sufficient  for  any 
'bable  navigation.  It  believes  that  the  General  Government  will 
y  cooperate  with  the  State  in  a  waterway  from  Lockport  to  the1 
uth  of  the  Illinois  River  if  it  assumes  charge  of  the  State  structures 
Henry  and  Copperas  Creek,  and  enlarges  the  existing  channel  in 
1  Illinois  River  below  Utica  to  suitable  dimensions. 

CONDITIONS  NECESSARY  IN  CONNECTION  WITH  COOPERATION  TO 
FULLY  PROTECT  THE  INTERESTS  OF  THE  UNITED  STATES. 

.  The  special  board  states  that  a  primary  condition  of  any  coop¬ 
tion  between  the  United  States  and  the  State  of  Illinois  should 
the  acceptance  in  perpetuity  of  full  responsibility  by  the  State  of 
lois  or  its  agencies  for  all  damages  by  changes  in  lake  levels, 
[hiding  cost  of  compensating  works,  and  for  all  damages  to  riparian 
tiers,  and  the  State  should  transfer  to  the  United  States  the  locks 
bi  the  control  of  the  new  waterway  thus  created  so  far  as  needed 
[navigation,  and  the  locks  and  dams  at  Henry  and  Copperas  Creek 
*the  Illinois  River.  With  such  a  transfer  the  obligations  of  the 
»te  of  Illinois  to  the  LTnited  States  with  reference  to  the  main- 
fiance  of  the  Illinois  and  Michigan  Canal  may  be  considered  as 
tfquately  fulfilled,  and  any  equities  of  the  United  States  in  the 
ifits  of  way  and  other  properties  of  this  canal  should  be  transferred 
H the  United  States  to  the  State  of  Illinois.  The  special  board 
Weves  that  should  the  State  of  Illinois  be  unable  to  complete  the 
Qnssuggested  by  the  board  or  the  bridges  required  by  navigation, 
u  United  States  might  then  properlv  undertake  to  complete  these 
>Rs  of  the  project. 


6  WATERWAY  LOCKPORT,  ILL.,  TO  MOUTH  OF  ILLINOIS  RIVER. 

V.  PLANS  AND  ESTIMATES  OF  THE  COST  OF  WORK  RECOMMENDED  1 

BE  DONE  BY  THE  UNITED  STATES. 

8.  The  existing  Federal  project  for  the  improvement  of  the  Illinc 
River,  adopted  in  1880,  together  with  the  existing  State  projec 
provides  for  a  7-foot  slackwater  navigation  from  Utica  to  its  mout 
which  has  already  been  obtained  by  dredging  and  by  the  constru 
tion  of  four  dams,  with  locks  350  feet  long  and  75  feet  wide.  T] 
opening  of  the  Chicago  Drainage  Canal  in  1900,  however,  added  i 
increased  volume  of  water,  which  has  raised  the  level  of  low  wat 
so  that  8  feet  can  be  carried  to  Grafton,  provided  the  upper  mit 
sills  at  Henry  and  Copperas  Creek  are  lowered  about  1  foot,  t] 
crests  of  the  dams  are  restored  at  the  heights  to  which  they  we 
originally  constructed,  and  portions  of  the  pools  deepened  slight 
by  dredging.  The  estimate  of  cost  is  as  follows: 


Excavation  in  pools  and  in  river  below  Kampsville . .  $887,  l 

Lowering  miter  sills  and  reconstructing  gates .  60,  ( 

Restoring  crest  of  Kampsville  Dam .  7,  ( 

Miscellaneous  and  contingencies,  10  per  cent . . .  95, < 


Total .  1,050,1 


The  estimate  for  the  9-foot  waterway,  which  ultimately  may 
required,  with  new  locks  80  by  600  feet,  is  $4,005,000.  The  anni 
cost  of  maintenance  is  estimated  at  $115,000  for  the  8-foot  waterwi 
and  $141,000  for  the  9-foot  waterway.  An  estimate  of  $3,710,000) 
also  submitted  for  open-river  improvement  in  the  Mississippi  River  i 

Erovide  a  depth  of  8  feet  between  the  mouth  of  the  Illinois  River  a: 

t.  Louis,  the  estimate  for  maintenance  being  $125,000  annual 
After  the  8-foot  channel  has  been  provided,  a  depth  of  9  feet  can  i 
obtained  by  dredging  between  these  points,  with  an  additional  anmj 
expenditure  of  $75,000. 

VI.  SUCH  MEASURES  AS  MAY  BE  REQUIRED  TO  PROPERLY  PRESERI 

THE  LEVELS  OF  THE  GREAT  LAKES,  ETC. 

#  B 

9.  The  investigations  and  studies  of  the  special  board  show  til 
the  diversion  of  water  from  the  Lakes  lowers  the  levels  progressiv  j 
in  proportion  to  the  amount  so  diverted,  the  full  effect  not  bei° 
observable  for  some  time;  and  that  for  the  10,000  second-feet  divert  1 
through  the  Chicago  Drainage  Canal,  at  mean  lake  level,  the  war 
surface  will  be  lowered  in  Lakes  Huron  and  Michigan  0.465  foot;  a 
Lake  Erie,  0.448  foot;  in  Lake  Ontario,  0.431  foot.  Such  lower :g 
would  materially  affect  the  carrying  capacity  of  the  large  freijlj 
vessels,  estimated  at  88  tons  per  inch  of  draft,  and  would  cause  a  bs 
on  American  vessels  alone  at  the  lowest  estimate  of  $1,000,000  * 
annum. 

10.  Three  methods  for  compensating  for  such  diversion  have  b<a 
considered  by  the  special  board:  (1)  By  the  construction  of  si>* 
merged  weirs  with  arbitrarily  controllable  sluices  at  the  lower  endof 
the  Lakes;  (2)  by  reducing  the  area  of  the  natural  outlets  by  0 
construction  of  fixed  contraction  works  therein;  (3)  by  dredgg 
harbors  and  connecting  channels.  The  investigations  of  the  bo;d 
show  with  certainty  that  the  result  of  diversion  of  water  through 
new  outlet  is  a  lowering  of  Lake  levels.  The  effect  of  the  great  storl 
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.pacity  of  the  lakes  and  of  the  natural  fluctuations  of  level  due  to 
itural  causes,  such  as  the  varying  amount  of  rainfall  and  the  vary- 
g  amount  and  direction  of  wind  pressures,  is  such  that  the  absolute 
vel  at  a  given  time  at  any  given  place  can  not  be  predicted,  and 
iman  wisdom  is  inadequate  to  regulate  a  variation  of  discharge 
rough  the  outlet  in  such  a  manner  as  to  produce  a  definite  desired 
suit.  Method  No.  1  therefore  must  be  classed  as  impracticable, 
mipensation  by  dredging  is  practicable,  but  on  account  of  the 
tensive  areas  involved,  this  method  would  be  unduly  costly.  Of 
e  three  methods,  the  second  only  is  therefore  favorably  considered, 
le  special  board  proposes  to  hold  up  the  level  of  Lake  Erie  by  the 
nstruction  of  three  submerged  weirs  in  Niagara  River,  at  an  esti- 
ated  cost  of  $150,000,  and  that  of  Lakes  Michigan  and  Huron  by 
bmerged  weirs  in  St.  Clair  River,  at  an  estimated  cost  of  $325,000, 
e  total  for  compensating  works  being  $475,000,  with  $15,000 
nually  for  maintenance. 

L  THE  INFLUENCE  ON  'OLTTME  AND  HEIGHT  OF  WATERS  IN  THE  MIS¬ 
SISSIPPI  RIVER  BELOW  CAIRO. 

11.  The  influence  on  the  volume  of  the  Mississippi  River  due  to 
y  diversion  from  Lake  Michigan  will  be  an  increase  approximately 
ual  to  the  amount  of  water  diverted.  The  effect  upon  gauge  height 
11  be  small  even  at  low  stages,  and  at  high  stages  it  would  scarcely 
appreciable  and  not  of  any  importance. 

1.  THE  EFFECT  UPON  THE  CLIMATE  OF  THE  LAKE  STATES  BY  A 
CHANGE  IN  THE  NATURAL  CURRENTS  OF  LAKE  MICHIGAN. 


12.  After  extensive  investigation  and  discussion  of  this  subject  the 
aclusion  is  reached  that  the  effect  on  the  climate  of  the  Lake  States, 
ased  by  the  diversion  of  10,000  second-feet  of  water  through  the 
icago  Drainage  Canal,  whether  beneficial  or  injurious,  would  be  so 
tall  that  it  could  not  be  measured  by  the  most  delicate  instruments. 

UPON  THE  IMPROVEMENT  OF  THE  MISSISSIPPI  RIVER  BETWEEN  THE 
MOUTH  OF  THE  ILLINOIS  RIVER  AND  THE  MOUTH  OF  THE  OHIO  RIVER 
BY  THE  CONSTRUCTION  OF  A  DAM  AT  OR  NEAR  JEFFERSON  BARRACKS 
AND  A  DAM  AT  OR  NEAR  COMMERCE,  AND  THE  DEVELOPMENT  OF 
WATER  POWER  INCIDENTALLY  CREATED  BY  SUCH  DAMS. 


tl3.  The.  construction  of  such  dams  is  not  necessary  for  the  execu- 
n  of  existing  projects  for  the  Illinois  and  Mississippi  Rivers  or  of 
D  projects  recommended  in  the  partial  report  printed  in  House  Doc- 
uent  No.  1374,  Sixty-first  Congress,  third  session  The  special  board 
norts  that  the  work  would  be  enormously  expensive  and  not  justi¬ 
fy  d  by  resulting  benefits  to  commerce  and  navigation  or  by  the  returns 
f  m  water-power  development. 


CONCLUSIONS. 


14.  After  due  consideration  of  the  reports  of  the  special  board  the 
I  ard  of  Engineers  for  Rivers  and  Harbors  concurs  in  general  with 
fi  views  and  conclusions  expressed  therein.  With  the  information 


8  WATERWAY  LOCKPORT,  ILL.,  TO  MOUTH  OE  ILLINOIS  RIVER. 


now  available,  it  is  not  prepared  to  indorse  certain  details  of  the  d: 
cussions  in  the  appendixes  and  elsewhere  pertaining  to  the  regulati 
of  the  level  of  Lake  Superior,  the  regulation  of  the  day  and  night  d 
charge  at  Niagara  Falls,  and  the  estimates  of  cost  for  the  dams  acre 
the  Mississippi  River.  But  inasmuch  as  this  difference  of  opinion  < 
these  points  does  not  affect  the  final  conclusions,  the  board  beliey 
that  nothing  would  be  gained  at  this  time  by  pursuing  its  investig 
tion  further.  The  board  concurs  fully  with  the  general  conclusio 
expressed  by  the  special  board  in  its  final  report,  but  differs  slight 
from  those  given  in  its  preceding  report.  In  this  connection  atte 
tion  is  invited  to  the  following  statements  made  by  the  Board 
Engineers  for  Rivers  and  Harbors  in  its  report  of  January  30,  191 
printed  in  House  Document  No.  1374,  Sixty-first  Congress,  thi 
session : 


It  does  not  concur  with  the  view  of  the  special  board  that  the  United  States  shot 
assume  that  part,  if  any,  of  the  cost  that  is  in  excess  of  $20,000,000  for  construct] 
the  portion  of  the  waterway  between  Lockport  and  Utica.  Moreover,  it  suggests  tl 
the  amount  of  diversion  to  be  permitted  from  Lake  Michigan-should  be  determim 
if  practicable,  before  the  project  is  undertaken. 

******* 


It  is  understood  that  the  sanitary  district  of  Chicago  and  the  State  expect  to  devel 
considerable  water  power  on  that  portion  of  the  waterway  between  Chicago  and  Uti 
As  it  is  proposed  that  the  navigable  channel  between  these  points  shall  be  built  wi 
out  cost  to  the  United  States,  it  is  believed  that  the  General  Government  should 
linquish  to  these  local  agencies  any  rights  that  it  may  have  in  the  power  to  be  thus  < 
veloped.  It  does  not  appear  that  there  is  any  question  of  water  power,  flood  conti 
or  other  matter  that  can  be  coordinated  with  that  portion  of  the  work  to  be  done 
the  United  States  for  the  improvement  of  navigation,  so  as  to  lessen  the  cost  and  cc 
pensate  the  Government  for  its  expenditures  made  in  the  interest  of  navigation. 

In  conclusion  it  is  recommended  that  the  work  proposed  by  the  special  board 
the  United  States  in  the  Illinois  River  be  not  undertaken  until  the  Secretary  of  V 
has  received  satisfactory  assurance  from  the  State  of  Illinois  that  the  State  will  bn 
that  portion  of  the  waterway  from  Lockport  to  Utica  without  cost  to  the  United  Stal 
and  in  accordance  with  plans  to  be  approved  by  him;  and,  further,  until  the  inter* 
of  the  United  States  have  been  satisfactorily  safeguarded  as  indicated  by  the  spe< 
board,  viz,  that  the  State  of  Illinois,  or  its  agencies,  shall  assume  entire  responsibils 
in  perpetuity  for  all  damages  by  changes  in  lake  levels  incident  to  the  work,  incl 
ing  cost  of  compensating  works,  and  for  all  damages  to  riparian  owners  along  the  d 
posed  waterway  from  Lake  Michigan  to  the  mouth  of  the  Illinois  River,  and  that  i 
State  shall  transfer  to  the  United  States  the  locks  and  the  control  of  the  new  wa  • 
way  thus  created  so  far  as  needed  for  navigation,  and  the  locks  and  dams  at  He  > 
and  Copperas  Creek  on  the  Illinois  River. 


15.  It  is  the  distinct  recommendation  of  the  Board  of  Engines 
for  Rivers  and  Harbors  that  the  term  “  control  of  the  new  watervq 
thus  created  so  far  as  needed  for  navigation”  shall  be  interpreted c 
include  such  control  of  the  use  of  water  for  power  purposes  as  si  I 
be  necessary  to  insure  the  conditions  of  flow  required  for  navigati  t 
Further,  the  board  believes  that  the  total  volume  of  water  to  be  • 
verted  from  the  natural  discharge  channels  of  the  Lakes  should  c 
definitely  fixed  by  Congress;  that  a  project,  with  estimate  of  cc, 
for  works  necessary  to  compensate  for  such  diversion  should  be  pu 
pared  to  the  satisfaction  of  the  Chief  of  Engineers  and  the  Secret^ 
of  War;  that  before  any  diversion  is  made  beyond  that  at  pres  I 
existing,  the  State  of  Illinois  shall  transfer  to  the  Secretary  of  "V  r 
the  funds  necessary  for  such  works  as  given  by  the  approved  e:i- 
mate  of  cost;  that  the  works  shall  be  built  by  the  United  Stas 
with  the  funds  so  provided ;  and  that  the  control  and  maintenai 
of  such  works  shall  be  in  and  at  the  cost  of  the  United  States. 
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16.  As  indicated  above,  the  work  proposed  by  the  special  board 
nvolves  an  original  outlay  by  the  United  States  of  $1,050,000  for  the 
llinois  River  and  $3,710,000  for  the  Mississippi  River,  or  a  total  of 
4,760,000,  and  provides  for  a  navigable  channel  depth  of  8  feet 
rom  Utica  to  St.  Louis.  The  act  ordering  the  investigation  appro¬ 
priated  $1,000,000  “for  the  construction  of  a  waterway  from  Lock- 
ort,  Ill.,  by  way  of  the  Des  Plaines  and  Illinois  Rivers  to  the  mouth 
f  said  Illinois  River/7  and  provided  that  “until  these  plans  and 
Istimates  have  been  submitted  and  a  project  adopted  by  Congress 
Le  appropriation  of  $1,000,000  herein  made  shall  not  be  avail¬ 
able  for  expenditure.77  If  the  project  be  adopted  by  Congress, 
i-iis  conditional  appropriation  should  be  made  available  for  the 
improvement  as  a  whole,  and  subsequent  appropriations  should  be 
Lade  with  a  view  to  completion  of  the  work  in  four  years.  The 
poard  of  Engineers  for  Rivers  and  Harbors  recommends  the  adoption 
If  the  project  under  the  conditions  stated  above. 

For  the  Board: 

W.  M.  Black, 

Colonel,  Corps  of  Engineers, 

Senior  Member  of  the  Board. 

INAL  REPORT  BY  A  SPECIAL  BOARD  OF  ENGINEERS  ON  WATERWAY 
FROM  LOCKPORT,  ILL.,  TO  MOUTH  OF  ILLINOIS  RIVER. 

Hew  York  City,  August  15,  1913. 
from:  A  Special  Board  of  Engineers. 

Id:  The  Chief  of  Engineers,  Lfiiited  States  Army, 
lbject :  Report  on  waterway  from  Lockport,  Ill.,  to  the  mouth  of 
Illinois  River,  and  on  certain  related  subjects. 

The  board  of  Engineers  appointed  by  the  Secretary  of  War  Sep- 
mber  8, 1910,  in  Special  Orders,  No.  43,  Office  of  the'  Chief  of  Engi- 
>ers,  for  the  consideration  of  a  waterway  from  Lockport,  Ill.,  by 
iy  of  the  Des  Plaines  and  Illinois  Rivers,  to  the  mouth  of  the  said 
iinois  River,  in  its  reports  of  November  1,  1910,  and  January  23, 
I'll,  has  discussed  certain  of  the  questions  referred  to  it — namely: 
l  Feasibility  of  the  waterway;  II,  the  most  advisable  depths  and 
<mensions  for  the.  waterway;  III,  cooperation  with  the  State  of 
.  inois;  IV,  conditions  necessary  in  connection  with  cooperation  to 
illy  protect  the  interests  of  the  United  States,  and  V,  plans  and 
<timates  of  the  cost  of  work  recommended  to  be  done  by  the  United 
*ates.  Since,  the  submission  of  the  above  reports  nothing  has  devol¬ 
ved,  to  require  any  changes  in  the  statements  and  conclusions 
lerein  given.  For  convenience  of  reference  these  reports  are 
Rached  hereto  marked  as  Appendixes  E  and  F. 

The  necessary  additional  investigations  having  been  completed,  the 
1  suits  of  which  are  shown  in  Appendixes  A,  B,  C,  and  D,  the  board 
i  w  has  the  honor  to  submit  the  following  report  upon  the  remaining 
i  estions  submitted  to  it  for  consideration: 

-  I.  Such  measures  as  may  be  required  to  properly  preserve  the  levels  of  the  Great 
1  £es  and  to  compensate,  so  far  as  practicable,  for  the  diminished  level  in  said  lakes 
the  connecting  waters  thereof  by  reason  of  any  diversion  of  water  from  Lake 
-udiigan  for  the  maintenance  of  the  proposed  waterway  *  *  *  or  for  anv  other 

Impose. 
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This  subject  is  specially  discussed  in  Appendix  A. 

Since  1895  the  United  States  Lake  Survey,  under  the  direction 
the  Chief  of  Engineers,  has  made  a  systematic  series  of  measuremen 
ef  discharges  in  the  St.  Marys,  St.  Clair,  Detroit,  Niagara,,  and  S 
Lawrence  Rivers,  to  determine  the  relation  which  exists  between  tl 
volumes  of  water  discharged  by  these  rivers  and  the  levels  of  the  lal 
surfaces  These  discharge  measurements  have  been  numerous  a,r 
demonstrate  conclusively  that  there  is  a  direct  connection  between  tl 
height  of  each  lake  and  the  volume  of  water  discharged  at  its  outle 
•#or  a  change  of  1  foot  from  the  mean  of  the  stages  covered  by  tl 
observations  on  each  lake  the  discharge  will  vary  as  stated  m  Table 
and  conversely  the  changes  of  level  in  feet,  due  to  diversions  fro 
natural  outlets  of  varying  amounts,  will  be  as  shown  m  Table  II. 

i 

Table  I. 


Lake. 


Superior. 


Erie.... 

Ontario. 


Mean 

stage.1 

Discharge 
at  mean 
stage. 

Feet. 

601. 80 
580. 38 
571. 96 
244.  60 

Second- 
feet. 
75,000  j 
192, 300 
195,500 
230, 000 

Change  in  discharge  due  to  1  foot  change  in  level  closi 

mean  stage. 


Second-feet. 

&3B  Ga^iofgaSea‘  £  St.  Clair  normal. 

fS-28  BS°sbLur?gaSnT'  Discharge  adjusted  for  effec 
&!  of  GuYcCtel  in  Galops  Rapids  estimate, 
reduce  existing  discharges  9,000  cubic  feet  per  sec 
below  those  formerly  existing  at  the  same  stages. 


i  Mean  of  range  during  discharge  measurements. 


Table  II. 


-Chanqes  of  level,  in  feet,  due  to  direct  diversion  of  amounts  varying  betid 
1,000  and  14,000  cubic  feet  per  second. 


1,000 

cubic 

feet. 

Superior. 

Michigan 

and 

Huron. 

Erie. 

Foot. 

Foot. 

Foot. 

1 

0. 065 

0.046 

0. 045 

2 

.  131 

.093 

.090 

3 

.196 

.139 

.134 

4 

.261 

.186 

.179 

5 

.327 

.232 

.224 

6 

.392 

.279 

.269 

7 

.457 

.325 

.314 

8 

.523 

.373 

.  359 

9 

.588 

.419 

.404 

10 

.654 

.465 

.448 

11 

.719 

.511 

.493 

12 

.784 

.558 

.  538 

13 

.850 

.602 

.  583 

14 

.915 

.659 

.628 

Ontario. 


Foot. 

0. 043 
.086 
.129 
.172 
.2165 
.260 
.303 
.346 
.399 
.431 
.474 
.517 
.560 
.603 


Steimaterfallf  of LateMcHga^md  HuronTiUoccur0^  1 .46  yet 
and  nine-tenths  of  the  fall  will  be  completed  in  4.86  years.  For  L 
urip  Der  Cent  of  the  ultimate  lowering  will  occur  m  2-;5ra^ 
and  90  pL  cent  in  1  months;  for  Lake  Ontario,  in  2.1  months  an 

months,  respectively. 
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It  is  therefore  evident  that  when  the  Lakes  stand  at  mean  lake 
vel  a  diversion  of  10,000  cubic  feet  per  second  from  Lake  Michigan 
jirough  the  Chicago  Drainage  Canal  will  ultimately  produce  a  lower- 
g  of  the  water  surface  of  Lakes  Michigan  and  Huron  and  its  connect- 
g  harbors  and  channels  of  0.465  feet  (5.58  inches),  of  Lake  Erie  of 
448  feet  (5.38  inches),  and  of  Lake  Ontario  of  0.431  feet  (5.16  inches) ; 

I  lower  stages  the  effect  will  be  greater,  due  to  the  relatively  smaller 
ea  of  the  cross  section  of  the  outlets. 


The  largest  lake  freighters  recently  built  carry  over  80  short  tons  of 
Bight  for  each  inch  of  loaded  draft,  and  an  uncompensated  Chicago 
version  of  10,000  second-feet  would  cause  a  loss  to  each  vessel  of  at 
1st  446  tons  in  carrying  capacity  for  each  down  trip  through  the 
annels  connecting  with  Lakes  Michigan  and  Huron.  This,°based 
>on  25  trips  per  season,  with  vessels  returning  light,  means  a  loss 
i  at  least  11,150  tons  per  year,  and  at  a  freight  rate  of  55  cents 
r  ton  represents  a  monetary  loss  of  at  least  $6,000  per  large  vessel 
r  year.  During  the  season  of  1912  there  passed  through  the  locks 
Sault  Ste.  Marie  oyer  72,000,000  tons  of  freight,  the  greater  part 
f  which  was  carried  in  vessels  of  such  size  as  to  be  affected  by  any 
;s  of  depth  caused  by  a  Chicago  diversion.  The  tonnage  of  1913 
is  fair  to  exceed  the  tonnage  of  1912.  The  lowest  estimate  of  the 
is  to  American  vessels  -alone  that  has  been  brought  to  the  attention 
the  board  is  oyer  $1,000,000  per  annum,  and  the  loss  will  increase 
th  the  increase  in  the  number  and  size  of  vessels. 

.  It  is  evident  therefore  that  any  diversion  with  consequent  lower- 
15  of  lake  levels  will  cause  a  direct  financial  loss  to  vessel  owners 
ad  such  a  loss  can  be  prevented  only  by  the  adoption  of  remedial 
Insures.  For  this  purpose  three  methods  have  been  proposed. 
I'st,  to  regulate  the  level  of  the  Lakes  between  fixed  limits  by  the 
instruction  of  submerged  weirs  and  adjustable  sluices  at  the  lower 
eis  of  the  Lakes,  and  by  this  means  not  only  to  prevent  the  oscilla¬ 
tes  of  lake  levels  which  occur  daily  each  season,  but  also  to  equalize 
t3  flow  over  a  series  of  years.  Second,  to  compensate  for  the  dimm¬ 
ed  discharge  by  reducing  the  area  of  the  natural  outlets  by  con- 
s  uction  of  contraction  works  therein.  Third,  to  restore  the  original 
cbths  of  the  harbors  and  connecting  channels  by  dredging, 
ft  is  the  opinion  of  the  board  that  while  it  is  feasible  to  raise  the 


Berage  surface  of  the  Lakes  to  any  desired  elevation  by  means  of 
virs  and  sluices  it  will  be  exceedingly  difficult  and  in  many  ways 
□  practicable  to  regulate  the  oscillations  of  the  Lakes  to  a  "greater 
ELent  than  nature  now  does  automatically.  These  oscillations 
ase  from  winds,  from  the  relative  amount  of  rainfall  and  evapo- 
uion,  and  from  other  natural  causes,  which  man  can  neither  con- 
|1  nor  foresee.  The  effect  of  any  attempted  regulation  will  be 
l(al  rather  than  general,  and  the  local  benefits  will  be  offset  by 
uuries  elsewhere.  The  difficulties  in  regulating  lake  levels  are 
bly  discussed  by  the  International  Waterways  Commission  in 
□use^Document  No.  779,  Sixty-first  Congress,  second  session,  and  a 
ruime  of  the  views  expressed  therein  is  given  in  Appendix  A. 

To  restore  the  diminished  levels  in  the  Lakes  by  constructing  coll¬ 
ecting  works  in  their  outlets  does  not  however  present  any  serious 
4  acuities.  A  careful  discussion  of  the  proper  locations  and  dimen- 
hns  of  such  works  is  also  given  in  Appendix  A. 
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At  the  foot  of  Lake  Ontario  the  closure  of  the  Gut  channel l  of  th 
Galops  Rapids  by  the  Canadian  Government  has  had  the  effect  c 
raisins  the  level' of  Lake  Ontario  an  amount  nearly  equal  to  th 
computed  lowering  of  the  lake  by  a  diversion  of  10,000  second  lee 
at  Chicago,  and  no  compensation  is  at  present  deemed  necessary  t 

restore  former  conditions  in  this  lake.  .  .  T  ,  ™  • 

In  Appendix  A  it  is  proposed  to  dimmish  the  outflow  of  Lake  En 
bv  the  construction  of  three  submerged  weirs  in  Niagara  River 'in  th 
vicinity  of  Squaw  Island,  which  would  average  about  4.2  feet  l 
height  and  would  contain  about  15,000  cubic  yards  of  masonry. 
estimated  cost  is  $150,000. 

To  raise  the  level  of  Lakes  Michigan  and  Huron  submerged  wen 
are  proposed  in  St  Clair  River,  covering  3  miles,  of  river  below  tt 
mouth  of  Black  River  at  Port  Huron.  The  weirs  as  suggested  i 
Appendix  A  have  a  height  of  from  5  to  6  feet  above  the  river  be, 
contain  about  65,000  cubic  yards  of  material,  and  their  estimate 
cost  is  8325,000.  It  is  computed  that  these  weirs  will  increase  tt 
velocity  of  the  water  flowing  over  them  slightly  (from  a  mean  of  3.; 
feet  to  3.89  feet  per  second), but,  on  the  other  hand,  above  the  mout 
of  Black  River  the  river  slopes  and  velocities  which  are  now  excessii 
will  be  diminished,  and  navigation  on  the  whole  will  be  considerab 

benefited.  tic 

The  Chicago  diversion  has  no  effect  on  Lake  Superior. 

Compensation  for  the  loss  of  elevation  on  Lakes  Michigan,  Huro 

and  Erie,  and  their  connecting  waters,  due  to  an  assumed  diversi, 

from  Lake  Michigan  of  10,000  second-feet,  will  by  the  plan  abo- 

outlined  involve  an  expenditure  of  about  $475  000,  to  which  shou 

be  added  an  amount  for  the  maintenance  of  the  weirs,  estimated 

about  $15,000  per  year,  the  total  cost  being  much  less  than  the  cost 

restoration  of  depths  by  dredging.  It  is  the  opinion  of  the  boa. 

that  while  other  plans  have  been  proposed,  compensation  by  hx 

contraction  works  similar  in  general  to  those  above  described  affor 

the  cheapest  and  most  satisfactory  method  of  preserving  the  lev, 

No  estimates  have  been  considered  for  compensating  for  the  loss 
depths  in  the  St.  Lawrence  River,  as  such  work  is  regarded  as  outsi 
the  scope  of  the  duties  of  the  boaid. 


M 


u  r  -  . 

VII.  The  influence  on  volume  and  height  of  waters  in  the  Mississippi  River  e  | 
Cairo. 


This  subject  is  specially  discussed  in  Appendix  B. 

The  influence  on  the  volume  of  the  Mississippi  Rivei  due  to  a 
diversion  from  Lake  Michigan  will  be  an  increase  approximat, 
equal  to  the  amount  of  the  diversion,  since  the  losses  due  to  ev« 
oration  and  other  causes  will  not  be  large  and  at  extreme  In 
water  the  increase,  due  to  a  5,000  second-foot  diversion  will  be  1, 
than  one-third  of  1  per  cent  from  Cairo  to  the  mouth  „of  the  i iver. 

Except  as  increase  in  volume  results  m  increase  of  gauge  he  g 
or  depth  of  water  available  for  purposes  of  navigation,  it  will  be 
no  importance  within  any  limits  of  diversion  heretofore  consider 

aS  Th™  effect6  of  any  diversion  upon  gauge  height  wll  alwa^j 
small,  and  at  the  highest  stages  practically  nothing,  but  the  e 
effect  at  any  time  or  at  any  stage  can  not  be  determined,  since 
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fleet  will  be  complicated  or  obscured  by  various  other  changes  in 
he  regimen  of  the  river. 

I  An  extended  series  of  discharge  observations  of  the  Mississippi 
liver  was  taken  under  the  direction  of  the  Mississippi  River  Com- 
lission  from  1879  to  1885,  at  Columbus,  Ky.,  below  the  mouth  of 
ae  Ohio  River;  at  Helena,  Ark.,  below  the  mouth  of  the  St.  Francis 
liver;  at  Arkansas  City,  Ark.,  at  Wilsons  Point,  Miss.,  and  at 
[ays  Landing,  below  the  mouths  of  the  White  and  Arkansas  Rivers; 
t  Warrenton,  Miss.,  below  the  mouth  of  the  Yazoo  River;  at  Red 
iver  Landing  and  at  Carrollton,  La.  Mean  discharge  curves  have 
een  derived  from  these  observations,  and  extended  and  checked  by 
umerous  observations  made  at  later  dates. 

1  On  plate  1  of  Appendix  B  are  shown  the  mean  discharge  curves  at 
olumbus,  .Ky.,  Helena,  Ark.,  Vicksburg  (and  Warrenton),  Miss., 
|id  Red  River  Landing,  La,,  and  the  curves  of  theoretical  increase 
i  gauge  heights  deduced  from  them.  These  curves  show  that  the 
fluence  of  a  given  diversion  from  Lake  Michigan  through  the 
hicago  Drainage  Canal  upon  the  volume  and  height  of  the  Missis- 
ppi  River  varies  with  the  localities  and  at  the  same  locality  with 
Try  change  in  discharge  and  that  in  all  cases  the  increase  in  gauge 
eights  will  be  small. 

Assuming  that  increase  in  gauge  height  will  not  be  accompanied 
j  changes  in  cross  section  of  the  river  or  that  its  effect  will  not  be 
herwise  obscured,  the  diagram  indicates  that  at  all  four  places 
msidered  it  would  require  an  increase  in  discharge  considerably 
needing  10,000  cubic  feet  per  second  to  increase  the  gauge  heights 
7 1  foot  even  at  the  lowest  stages  of  the  river;  under  similar  assump- 
)n  at  stages  corresponding  to  40  feet  at  Columbus  the  curves 
dicate  that  it  would  require  an  increase  of  over  50,000  cubic  feet 
>r  second  to  increase  the  gauge  height  1  foot,  at  Columbus,  Helena, 

^  d  Red  River  Landing,  or  over  5,000  cubic  feet  per  second  to 
ifect  the  gauge  height  one- tenth  of  a  foot.  At  higher  stages  the 
ect  would  be  even  less  and  it  is  evident  that  on  extreme  flood 
ights  the  effect  of  any  permissible  diversion  would  be  trifling  and 
xuld  have  no.  important  bearing  upon  the  heights  of  levees  or 
her  works  designed  to  afford  protection  against  floods. 

But  even  these  small  increases  of  gauge  heights  are  not  an  exact 
jpasui  e  of  the  increase  in  depths  which  would  result  from  an  increase 
1  the  volume  of  the  river.  As  the  discharge  increases,  not  only 
c  es  the  surface  of  the  water  rise,  but  that  of  the  bars  also.  This 
sbject  was  discussed  by  a  former  board,  and  it  was  shown  by  an 
e tended  series  of  observations  that  a  rise  of  the  river  of  1  foot  is 
acompanied  by  a  rise  of  bar  of  not  less  than  6  inches.  The  rise  of 
te  bar  occurs  more  slowly  than  the  rise  of  the  water  surface,  and  as 
Is  river  is  continually  fluctuating  the  full  effect  does  not  appear  in 
ts  observations.  Where  a  permanent  addition  is  made  to  the  dis- 
carge,  the  rise  of  the  bar  may  more  closely  approach  that  of  the 
v  ter  surface,  but  in  any  case  the  influence  of  the  increase  in  dis- 
carge  on  navigable  depths  will  be  insignificant. 

-The  board  has  also  shown  in  discussing  the  sixth  subject  that  the 
eect  ot  diverting  10,000  second-feet  through  the  Chicago  Drainage 
nal  from  the  Great  Lakes  will  appreciably  injure  their  navigability, 
preceding  report  that  such  a  diversion  was  not  necessary 
obtain  either  the  8  or  9  foot  navigation  recommended  from  Chicago 
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to  the  mouth  of  the  Illinois  River.  Since  itsjast  report  it  has  bee 
in  conference  with  the  authorities  of  the  State  of  Illinois  in  referent 
to  the  advisability  of  removing  the  existing  dams  in  the  Uhno 
River.  Even  with  the  diversion  of  not  more  than  4,167  second-le 
at  present  authorized,  the  board  agrees  with  the  State  authonti 
that  the  dams  could  be  removed  and  the  desired  channel  dept! 
obtained  by  dredging  alone;  but  the  project  for  obtaining  channel 
of  8  and  9  feet  depth,  recommended  by  the  board  m  the  report 
January  23,  1911,  contemplates  the  fullest  possible  use  of  the  wo: ! 
alreadv  done  on  the  Illinois  River,  which  has  been  improved  to 
depth  "of  7  feet.  To  remove  the  locks  and  dams,  and  thereatt; 
obtain  depths  of  8  and  9  feet  by  dredging  alone,  will  add  greatly  i 
the  cost  of  the  improvement.  .  ,  .  .  .  ,r 

If  laro’e  amounts  of  water  are  to  be  admitted  into  the  river,  L 
removal  of  dams  would  reduce  the  damage  to  the  valley  from  ove 
flow  from  this  discharge;  but  the  board  reiterates  that  a  diversi.i 
exceeding  1,000  second-feet  is  not  necessary  for  navigation  purposi 
alone  in  the  Illinois  River,  and  that  an  added  discharge  will  produ 
a  slight  and  inadequate  effect  on  the  Mississippi  River. 

The  object  of  diverting  10,000  or  more  second-feet  from  La 
Michigan  is  not  primarily  to  benefit  navigation,  but  to  dilute  sewa 
and  to  create  power,  and  the  United  States  should  not  be  burden 
with  the  cost  of  protecting  the  lowlands  of  the  Illinois  Valley  Ire 
overflow  where  such  diversion  and  overflow  are  unnecessary  t 
navigation  alone. 

VIII.  The  effect  on  the  climate  of  the  Lake  States  by  a  change  in  the  natu! 
currents  of  Lake  Michigan. 

This  subject  is  specially  discussed  in  Appendix  C. 

While  the  variations  of  the  levels  of  the  Great  Lakes  have  be 
carefully  studied  for  a  long  period  on  account  of  their  effect  on  t 
depths  of  harbors  and  connecting  channels,  it  is  only  during  reep 
Years  that  data  have  been  collected  relating  to  their  temperature  a 
currents  The  information  thus  obtained  is  not  only  incomplete,  b 
the  conclusions  derived  therefrom  by  some  observers  are  contrad 
tory.  To  properly  investigate  the  subject,  the  board  has  therein 
found  it  necessary  to  make  a  series  of  independent  observations, 
report  on  the  results  of  these  investigations  is  given  m  Appendix 
It  has  been  quite  generally  believed  that  there  exists  in  La 
Michigan  a  surface  current  flowing  in  a  southerly  direction  along A 
Wisconsin  shore  and  northerly  along  the  State  of  Michigan,  and  til 
it  is  quite  fixed  in  direction,  particularly  during  the  summer  monk 
but  the  observations  conclusively  show  that  this  belief  is  a  popular  I  ■ 
laev,  and  that  the  surface  currents,  instead  of  being  fixed  m  directK 
are  extremely  variable.  They  tend  to  follow  straight  hnes,  doper 
ent  on  the  direction  of  the  winds  and  other  conditions.  With  a  wi 
blowing  from  a  northerly  direction,  there  is  a  tendency  for  a  souths 
surface  flow  of  water  on  both  the  Wisconsin  and  Michigan  shor 
and  when  the  wind  blows  from  a  southerly  quadrant  the  currents^ 
both  shores  tend  to  flow  to  the  north.  A  westerly  wind  raises 
water  on  the  Michigan  shore,  and  an  easterly  wind  on  the  vVisconi 
shore.  Changes  of  level  and  of  currents  are  also  frequently  p, 
duced  by  variations  in  barometric  pressure. 
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The  observations  also  show  that  the  temperature  of  the  surface 
ater  at  any  locality  is  affected  by  the  direction  of  the  wind.  Dur- 
ig  the  summer  months  at  any  locality  where  the  wind  is  blowing 
l-shore  the  surface  water  is  warmer  than  on  the  opposite  side  of 
lie  lake,  and  a  change  to  an  offshore  breeze  will  frequently  reduce 
le  temperature  of  the  surface  water  at  this  locality  from  10  to  15 
agrees.  This  phenomenon  is  accounted  for  by  the  fact  that  the 
ind  raises  the  water  on  the  shore  toward  which  it  blows  and  de- 
•esses  it  on  the  opposite  shore.  Due  to  this  disturbance  of  the 
[uilibrium,  there  is  a  return  flow,  which  does  not  occur  on  the  sur- 
ce,  but  at  a  considerable  distance  below  it.  Instead  of  being  in  a 
utherly  direction  on  one  side  of  the  lake  and  a  northerly  on  the 
her,  the  path  described  by  the  waters  is,  on  the  surface,  in  the 
rection  of  the  winds,  and  thence  on  the  leeward  shore,  the  current 
directed  toward  the  bottom  of  the  lake,  whence  it  flows  at  a  great 
pth  back  to  the  windward  side  and  finally  up  to  the  surface,  thus 
mpleting  the  cycle. 

While  the  temperature  of  the  surface  waters  of  the  lakes  varies 
32°  F.  during  the  winter  months  to  nearly  80°  in  summer,  the 
riations  at  100  feet  below  the  surface  are  within  much  narrower 
aits.  In  Lake  Superior  the  temperature  of  the  water  at  great 
pths  appears  to  remain  at  approximately  39°  during  the  entire 
ar  and  on  the  other  Great  Lakes,  at  depths  of  100  feet,  does  not 
ceed  50°  F.  during  the  warmest  weather. 

The  return  subsurface  currents  are  continually  bringing  the  lower 
iters  to  the  surface  and  affecting  its  temperature,  making  it  cooler 
summer  and  warmer  in  winter.  They  also  retard  the  formation  of 
!,  as  they  render  it  necessary  to  reduce  a  large  volume  of  water 
proximately  to  the  freezing  point  before  it  congeals. 

The  effect  of  water  on  the  temperature  of  the  air  passing  over  it 
a  function  of  the  strength  of  the  winds  and  the  area  and  *depth  of 
3  lake.  Lake  Michigan  has  an  area  of  over  22,000  square  miles, 
i  greatest  length  is  307  miles,  its  width  118  miles,  and  its  maximum 
pth  870  feet.  It  exposes  an  enormous  water  surface  to  the  action 
winds,  and  its  depth  gives  an  immense  volume  to  absorb  or  radiate 
at.  Moreover,  it  is  connected  to  Lake  Huron,  which  also  has  an 
a>a  exceeding  22,000  square  miles  and  a  maximum  depth  of  750 
|tj  by  a  broad  and  deep  channel,  through  which  not  infrequent^ 
j?re  is  a  flow  of  over  2,000,000  cubic  feet  per  second,  and  any  mate- 

r.l  change  of  temperature  in  one  lake  will  be  transmitted  to  the 

oier. 


■rhese,  rather  than  lake  currents,  are  the  principal  factors  which 
lect  the  climate  of  the  Lake  States,  and  the  diversion  of  any  water 
trough  the  Chicago  Drainage  Canal  will  primarily  affect  the  climate 
|iy  to  the  extent  that  it  reduces  the  area  or  volume  of  the  lake. 
&  has  been  previously  stated,  the  diversion  of  10,000  second-feet  will 
uimately  lower  the  level  of  the  lake  5.58  inches.  The  reduction  in 
"  ume  or  area  of  a  lake  870  feet  deep  and  having  an  area  of  22,000 
Oare  miles,  by  a  reduction  in  depth  of  this  amount  is  inappreciable, 
-t  may  therefore  be  stated  that  the  effect  on  the  climate  of  the  Lake 
ites,  caused  by  diverting  10,000  second-feet  of  water  through  the 
Lcago  Drainage  Canal,  whether  theoretic  all  3^  beneficial  or  injurious, 
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would  be  so  small  that  it  could  not  be  measured  by  the  most  delica 
instruments. 


IX  Upon  the  improvement  of  the  Mississippi  between  the  mouth  of  the  Illini 
River  and  the  mouth  of  the  Ohio  River  by  the  construction  of  a  dam  at  or  near  Jeffi 
Iron  Barracks  and  a  dam  at  or  near  Commerce  and  the  development  of  water  pow 
incidentally  created  by  such  dams. 


This  question  is  specially  discussed  in  Appendix  D.  . 

The  existing  projects  for  improving  the  navigation  of  the  Mississip 
River  contemplate  a  channel  6  feet  deep  at  low  water  from  tl 
mouth  of  the  Illinois  to  St.  Louis,  and  8  feet  deep  from  St  Louis 
the  mouth  of  the  Ohio.  These  depths  are  ample  for  all  existu 
river  navigation.  To  provide  for  a  reasonably  prospective  coi 
merce  thisWd,  in  its  report  dated  January  23,  1911,  House >  Doc 
ment  No.  1374,  Sixty-first  Congress,  third  session,  recommends  th 
an  8-foot  channel  be  made  from  St.  Louis  up  the  Illinois  River,  th 
affording  a  depth  of  8  feet  from  the  upper  Illinois  to  the  mouth 
the  Ohio,  and  that,  should  an  increasing  traffic  demonstrate  t 
necessity  for  additional  facilities,  a  channel  9  feet  deep  be  mac 
A  depth  of  8  or  9  feet,  properly  utilized,  is  sufficient  for  an  enormo 

trThe  construction  of  the  two  dams  referred  to  in  the  portion  of  t 
act  of  June  25,  1910,  quoted  above,  is  not  necessary  to  create  dept 
of  8  or  9  feet.  The  desired  improvement  may  be  made  at  a  mu 
less  cost  by  the  simpler  methods  of  regulation  and  dredging. 

The  board  is  aware  that  a  channel  depth  greater  than  8  or  9  t 
has  been  considered  by  some  as  desirable,  and  that  a  low-™; 
channel  depth  of  14  feet  or  more  has  been  advocated.  Methods  1 
obtaining  z  depth  of  14  feet  have  been  considered  by  a  former  boa 
whoso  report  published  m  House  Document.  No.  50,  bixty-n 
Congress, Pfirst  session,  shows  that  even  for  this  greater  dept 
method  of  regulation  and  dredging  is  pieleiable.  i  j 

The  present  board  concurs  in  the  conclusions  of  the  former  « 
and  is  of  the  opinion  that  the  construction  of  high  dams  is  not  1 
better  method  for  securing  such  greater  depth  of 
should  the  latter  ever  become  necessary,  and  that  only  an  extrem 
low  cost  of  the  water  power  incidentally  created  by  such  dams 

nossiblv  warrant  their  construction.  „  ,  i 

P  To  determine  the  best  location  for  the  upper  one  of  the  da 

described  in  the  act,  a  survey  was  made  at  the  request  of^  the  b  , 

bv  the  United  States  Engineer  office  at  St.  Louis  to  ascerta 
deDth  of  the  rock  at  sites  regarded  as  most  advantageous.  T 
rock  borings  are  described  in  Appendix  D.  For  the  lower  or  C 
merce  dam  the  board  uses  the  information  procured  by  a  fori 
board,  whose  report  is  published  as  House  Document  No.  50,  Six 

“  SSnijSon'SeV  for  th.  St.  L«™  to  i,  .t  th.  f», 

Stein  Street,  where  rock  occurs  within  the  low-water  bed 
river  at  a  general  depth  of  about  77  feet,  as  shown  m  plate  1,  -  PP 
dbc  D  East  of  the  low-water  bed  some  of  the  borings  showed 
rock  to  be  at  depths  of  over  119  feet  below  low  water.  (See  plat, 

Al¥he  site^elected  near  Commerce  is  at  Grays  "^f1 

hplow  St  Louis  where,  although  the  soundings  show  the  rock  or 
riverbed  “ngl  between  24  and  85  feet  below  low  water,  it  is  I 
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lale  to  found  most  of  the  dam  on  rock  at  the  higher  elevation, 
scordingly,  the.  difficulties  of  construction  would  be  somewhat 
,*s  than  at  the  site  of  the  proposed  St.  Louis  dam. 

In  the  discussion  of  the  construction  of  these  two  dams,  it  seems 
sirable  first  to  consider  fully  the  details  of  the  only  plan  that  has, 
far  as  we  know,  been  seriously  advocated.  This  is  the  plan  of  the 
nsulting  engineer  of  the  Lakes  to  the  Gulf  Deep  Waterway  Asso¬ 
rt*011;  which  is  quite  fully  described  in  Appendix  D  and  in  the  papers 
companving  the  latter. 

Briefly,  this  plan  contemplates  the  construction  of  two  dams,  the 
per  one  near  St.  Louis  with  crest  at  elevation  413,  Memphis  datum, 

3  lower  one  near  Commerce  with  crest  at  elevation  343,  the  dams 
be  substantially  similar,  each  with  3,000  feet  of  fixed  spillway  in 
3  form  of  “an  equilateral  slant”  with  vertex  upstream  and  with 
bear-trap  section”  at  right  angles  to  the  stream  1,000  feet  long, 
ith  a  range  of  15  to  16  feet  below  fixed  woir  level.  Each  dam  is 
ired  to  pass  the  bank-full  discharge  with  a  depth  of  10  feet  on 
*  crest  “and  greater  floods  within  desirable  limits.”  Bank-full 
ge  at  St.  Louis  is  about  30  feet  above  low  water.  The  flood  of 
[13,  winch  did  an  enormous  amount  of  damage  at  East  St.  Louis, 
s,  at  its  maximum,  38  feet  above  low  water,  and  the  greatest 
orded  flood,  that  of  1844,  41.4  feet  above  low^  woter. 
rhis  plan  of  the  Lakes  to  the  Gulf  Deep  Watenvay  Association 
eposes  the  development  of  powder  at  St.  Louis  at  all  stages  below 
bank-full  stage,  and  as  greater  floods  are  to  be  passed  through 
dam  by  means  of  bear-trap  gates,  the  dam  will  at  those  higher 
ges  create  practically  no  head,  and  during  such  stages  the  powor 
'  fail.  In  1883  the  river  w7as  above  the  bank-full  stage  for  17 
secutive  days,  in  1892  for  36  consecutive  days  and  again  for  12 
secutive  days,  and  in  1903  for  16  consecutive  days.  As  a  powTer 
I  position  the  proposed  dam,  without  an  auxiliary  steam  plant,  is 
Gently  not  sufficiently  trustworthy  from  a  business  point  of  view, 
pngements  based  upon  the  expectation  of  constantly  securing 
rer  at  anything  like  the  maximum  rate  would  eventually  prove 
I  ppointing;  wifile  a  steam  auxiliary  would  necessarily  have  to  be 
Rapacity  equal  to  the  maximum  estimated  output  of  the  pro- 
pd  w  ater  powor. 

he  effect  of  the  proposed  St.  Louis  dam  upon  flood  elevations 
l  its  serious  consideration.  At  the  St.  Louis  site  there  are  no  falls 
rapids  such  as  generally  suggest  the  feasibility  of  powor  develop- 
•it  and  permit  the  work  to  be  done  with  relatively  little  or  no 
aages  of  river  stages.  On  the  contrary,  the  general  slope  of  the 
pr  near  St.  Louis  is  about  six-tenths  of  a  foot  per  mile,  and  as  the 
rj-water  elevation  at  the  St.  Louis  site  is  385.6,  a  dam  whose  crest 
p  413  would  concentrate  at  this  locality  the  fall  of  about  46  miles 
jver.  With  banks  which,  even  now,  are  submerged  during  floods, 
readily  apparent  that,  wdiile  the  raising  of  the  level  of  the  water 
Vace  in  the  pool  above  the  dam  might  be  permissible  during  low7 
a?r,  the  effect  during  floods  would  be  disastrous, 
re  Mississippi  River  in  the  vicinity  of  St.  Louis  has  been  exten- 
v  contracted  by  bridges  and  by  works  to  improve  the  low-water 
PeA  and  bj  levees  constructed  on  reclaimed  land.  This  con¬ 
ation  has  already  produced  a  dangerous  increase  in  flood  heights. 

H.  Doc.  762,  63-2 - 2 
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Tn  as  thickly  settled  a  country  as  surrounds  St.  Louis,  a  fuHb 
increase  in  flood  heights  in  the  present  contracted  section,  such 
mipht  be  produced  by  a  high  dam,  can  not  be  permitted. 

In  House  Document  No.  772,  Fifty-ninth  Congress,  first  sessic 
the  Board  of  Engineers  for  Rivers  and  Harbors  invites  attention 
the  fact  that  the  effect  of  confining  a  flood  such  as  that  o 
channel  2,000  feet  wide  win. require  a  mean  velocity  of  14  feet  j 
second  for  the  maximum  discharge,  estimated  at  1,360,000  cut 
feet  per  second,  to  pass  through  the  present  at  ^ie 

Bridge  with  the  water  surface  at  an  elevation  of  45  feet  above  t 
zero  of  the  gauge  (the  grade  proposed  for  levees  now  under  constri 
tion)  Even  if  the  flood  should  cause  a  scour  to  bedrock,  a  dis  a 
of  some  20  feet  below  the  present  river  bottom,  a  mean  velocity 
8  feet  would  result.  Either  assumption  appears  less  piobabie  tb 

a  material  further  increase  in  flood  heights.  ,  , 

It  is  om  opinion  that,  before  the  power  dam  proposed  by 

Lakes  to  the  Gulf  Waterway  Association  could  be  P^lolds  m 
1  np ali tv  the  levee  under  construction  around  East  St.  Eouis 
be  set  back  about  2,000  feet  and  all  buildings  and  embankme 
which  are  in  front  of  the  new  levee,  not  absolute  necessities 
transportation  and  which  interfere  with  the  run-off  of  water, 
removed,  or  provision  otherwise  made  for  discharge  of  at  e 
400,000  second-feet  more  than  at  present  provided  tor 

It  is  impracticable  to  set  back  the  levees  of  East  St.  Louis  2 
feet  and  to  remove  all  structures  between  the  levees  and  the 
It  is  equally  out  of  the  question,  within  reasonable  limits  o :  cost . 
without  obliterating  the  working  head,  to  provide  f it  the  dam  1 
excess  flow  of  400,000  cubic  feet  per  second.  Consequent!}  the  c 
struction  of  the  dam  under  the  plans  advocated  by  the  Lakes  to 
Gulf  Waterway  Association  wmuld  expose  the  people  of  t  e  v 

t0& tweTcan  be  created  at  low  heads,  in  view  of  the  ! 

nrobable  cost  of  construction  of  the  dam  and  power  house,  its  ( 

nomical  development  at  this  locality  appears  to  demand  a  te-w< 

head  of  at  lhst  25  feet.  At  Keokuk,  where  foundation  condito 

were  most  favorable  and  the  cost  of  construction  certainly 

than  it  would  be  at  St.  Louis,  a  head  of  40  feet  was  regarded  as  n. 

sarv  The  development  of  power  in  commercially  available  i 

renuires  a  regulated  output  of  alternating  electrical  current,  to 

production  of  which  a  substantially  uniform  speed  of  revolutio, 

thLelectric  generators  is  essential.  This  uni  ormity  of  speed  can 

Le  seemed  when  there  is  little  or  no  variation  m  the  head  of  w 

on  the  turbines.  Moderate  reduction  m  the  normal  head  redr 

T  t  of  current  while  maintaining  uniformity  of  speed .  Gre 

reduction  of  head  makes  it  impossible  to  maintain  the  require  sj 

of  revolution  and  then  the  output  of  alternating  current  ceases. 

extreme  variation  which  is  usually  permitted  occurs  when  the  n 
extreme  vanax  maximum  head,  but  by  ap 

nriato  deln  the  mnge  may  be  extended,  permitting  the  mimn 
^ead  to  be  40  to  45  per  cent  of  the  maximum,  accompanied,  howe 
by&a  considerable  tes  of  efficiency  at  the  high  head, i  which  cor  e 
V  lnw  water  In  the  case  of  the  dam  proposed  by  the  leases 
Gulf  Deep  Waterway  Association,  the  design  does  not  con  emf 
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3  development  of  power  at  stages  above  the  bank-full  stage.  At 
d  for  some  distance  below  the  latter  stage  the  head  will  be  below  the 
•missible  limits,  so  that  considerable  dredging  below  the  dam  will 
necessary  in  order  to  permit  power  to  be  developed  even  to  this 
rtial  and  unsatisfactory  degree.  Considered  alone  upon  the  basis 
the  power  to  be  developed,  the  proposed  dam  is  therefore  not 
dsfactory,  and  the  dredging  which  is  necessary  to  make  it  available 
to  the  bank-full  stage  will  not  only  add  greatly  to  the  cost,  but  will 
o  be  attended  with  unusual  difficulties. 


is  is  well  known,  the  Mississippi  River  at  St.  Louis  carries  large 
antities  of  sediment,  most  of  which  is  derived  from  the  Missouri 
7-er.  The  amount  discharged  by  the  Missouri  River  during  the 
ir  1879,  a  year  of  extremely  low  water,  was  estimated  by  the 
Mdent  of  the  Missouri  River  Commission  as  about  400,000,000 
)ic  yards.  (See  Annual  Reports,  Chief  of  Engineers,  1881,  p.  1653, 
i  1887,  p.  3090.)  The  quantity  of  sediment  transported  at  any 
ie; varies  with  the  velocity  of  the  water.  The  velocity  of  the  water 
ring  through  the  pool  which  the  dam  would  create  above  it  would 
reduced  at  low  water  from  about  2  feet  per  second  (which  at 
sent  exists  in  the  river)  to  about  three-tenths  of  a  foot,  and  at 
ik-full  stage  from  about  7  feet  to  4  feet.  As  long  as  the  current 
fs  without  interruption  material  in  suspension  moves  down  the 
3r  with  the  same  velocit}^  as  the  water,  but  a  checking  of  the  cur- 
t  will  cause  a  deposit  of  immense  amounts,  deposits  of  from  20  to 
feet  in  depth  having  been  formed  in  a  single  season  behind  the 
meable  dikes  constructed  to  improve  the  navigation  of  the  ri  vei¬ 
ny  St.  Louis. 

Fhile  no  complete  investigations  have  been  made  to  determine  the 
above  such  dams,  the  results  are  of  record  at  two  important  dams, 
a  high  dam  at  Austin  on  the  Colorado  River  of  Texas,  and  the 
er  a  low  dam  for  irrigation  purposes  at  Laguna,  on  the  Colorado 
er  of  southwestern  United  States.  Above  the  dam  constructed 


mstin,  Tex.,  in  1893,  there  is  reported  by  Prof.  Thomas  U.  Taylor, 
he  University  of  Texas,  a  deposit  in  the  first  four  years  after  its 
struction  of  31,667,000  cubic  yards,  or  38  per  cent  of  its  reservoir 
acity.  In  a  paper  presented  to  the  American  Society  of  Civil 
Sneers,  January  1,  1913,  by  Mr.  H.  T.  Cory,  a  fill  is  reported  above 
dam  at  Laguna,  Ariz.,  in  one  season  of  20,000  acre-feet  (over 
'00,000  cubic  yards).  Some  idea  of  the  extent  of  the  fill  to  be 
ected  on  the  Mississippi  may  be  obtained  from  the  sediment 
irvations  on  the  Missouri  River  near  its  mouth,  taken  at  St. 
rles  in  1879.  These  observations  show  that  at  a  stage  of  about 
eet  above  low  water,  with  a  mean  velocity  of  6.7  feet  per  second 
a  discharge  of  257,000  second-feet  3,971,000  cubic  yards  of 
erial  were  carried  downstream  in  suspension  per  day.  When  the 
city  was  reduced  to  3  feet  per  second,  the  amount  carried  in  sus- 
uon  per  day  was  only  65,000  cubic  yards,  the  volume  of  discharge 
his  velocity  being  40,000  second-feet.  A  volume  of  257,000 
nd-feet  at  this  reduced  velocity  would  therefore  carry  about 
IjOOO  cubic  yards,  and  a  deposit  of  3,555,000  cubic  yards  per  day 
Kdicated  for  this  stage  as  a  result  of  the  construction  of  the  dam. 
p  observations  do  not  extend  to  the  higher  discharges,  but  assuming 
u  at  a  bank-full  stage  in  the  Mississippi  River  below  St.  Louis 
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with  a  discharge  of  600,000  second-feet  the  amount  per  cubic  fo 
carried  in  suspension  did  not  exceed  that  at  a  20-foot  stage  in  t 
Missouri  River,  a  reduction  of  velocities  to  4  feet  per  second  won 
cause  a  deposit  of  over  2,000  000  cubic  yards  Per fo^at|ta^ 
The  pool  above  the  dam  would  therefore  rapidly  fill,  and  unless 
ing  operations  were  undertaken  on  a  scale  never  before  attempt 
the  bed  of  the  river  would  rise,  flood  heights  would  increase,  and  t 
pool  would  soon  cease  to  be  of  any  value  as  a  means  of  improvi 

"Ta  means  of  overcoming  these  difficulties  it  has  been  suggest 
that  the  regimen  of  the  river  above  the  dam  be  radically  change 
increasing  the  depth  and  diminishing  the  width  of  the  stream,  so 
to  secure^ velocities  equal  to  those  which  obtain  under  existing  C( 
ditions  In  a  sewer  or  canal  of  regular  section  the  correspond, 
problem  admits  of  ready  solution.  In  a  river  conditions  vary  fo 
section  to  section,  and  the  true  mean  depth  can  at  best  be  q. 
approximately  determined.  The  mean  velocity  of  the  Mississi, 
River  at  this  locality  at  low  water  is  about  2  feet  per  second  wh 
requires  for  existing  slopes  and  widths  a  mean  depth  of  about  6  it 
The  slopes  would  be  reduced  by  the  construction  of  the  dam  to  at» 
one-half  those  at  present  existing,  and  to  maintain  the  Low  w 
velocity  unchanged  would  require  that  the  mean  depth  be  increa 

tC>To  insure  a  uniform  velocity  of  flow  in  the  proposed  channel 
tendencv  of  the  river  to  scour  its  bed  and  banks  must  be  preven 
otherwise  the  pool  and  bar  formation  that  now  obtains  m  the  n 
will  be  perpetuated.  This  renders  necessary  a  complete  regu 

of  the  nor  lion  of  the  river  affected.  , 

It  is  ’however,  a  mistake  to  assume  that  the  excavation  work  co 
be  left  to  be  done  gradually  after  first  completing  the  dams, 
erection  of  the  dams  would  cause  a  radical  change  m  the  regimen  of 
river  which  as  shown  above,  would  cause  immense  deposits  un 
a  reduction’  of  the  velocities  could  be  at  the  same  time  preven 
The  channel  excavation  and  regulation  necessary  for  any  adop 
channel  depth  must  therefore  be  carried  on  rapidly  and  so  fai 
possible  simultaneously  with  the  creation  of  the  pools.  Every  ye 
delay  in  the  completion  of  the  project  would  add  enormously  to 
original  cost,  by  reason  of  these  deposits  and  their  removal 
the  400,000,000  or  more  cubic  yards  of  sediment  flowing  out  f 
Missouri  River  annually,  the  amount  deposited  would,  the 
depend  on  the  rapidity  with  which  the  channel  was  built  but  ass 
in"  that  not  more  than  10  years  were  required  to  complete  the  cliai 
and  that  the  deposit  were  only  100,000,000  cubic  yards '  PeV  ’ 

increase  in  cost  from  this  item  alone  would  be  not  less  t 

11  If°  abnormal  accumulations  of  sediment,  resulting  from  chang 
rjmt “t Tta  construction  of  the  d.m,  must  b.  =« 
thpv  opour  and  if  the  regulation  works  must  be  prosecuted  , 
ternatically  and  continuously  so  that  the  average  depth  shall  mcr, 
thp  average  stone  above  the  dam  is  diminished  by  its  progres 
construcTb>n?theprobtem  of  eluting  the  dr.tong  1 tanHmJ 

regulation  works  becomes  one  of  extreme  diffic^ty  since  both  op 
tions  must  be  performed  upon  a  scale  not  hitlieito  attempte  . 
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ieiing  the  dredging  alone,  the  dredged  material  must  be  com- 
etely  removed  from  the  limits  of  the  regulated  channel  and  de- 
•sited  well  beyond  the  reach  of  floods,  to  avoid  interference  with 
eir  free  discharge.  For  handling  even  100,000,000  cubic  yards 
nu ally,  the  services  of  at  least  fifty  20-incli  hydraulic  dredges, 
irking  continuously  throughout  the  year  with  double  crews,  would 
required.  To  construct  and  operate  these  dredges  would  in  itself 
ove  a  formidable  task.  The  regulation  of  the  channel  above  the 
m  would  present  additional  difficulties. 

The  proposed  St.  Louis  Dam  furthermore  involves  the  complete 
•sure  of  a  very  large  river,  whose  floods  are  exceeded  in  magnitude 
few  of  the  great  rivers  of  the  earth.  To  prevent  disaster"  to  the 
rk  and  to  the  occupants  of  the  valley  below,  the  dam,  power  house 
d  head  bay  v  alls  must  be  built  of  masonry,  founded  on  solid  rock 
depths  averaging  about  77  feet  below  low  water  and  118  feet  below 
reme  floods.  V  ariations  of  stage  whose  frequency  and  extent  are 
Lstrated  by  the  accompanying  hydrograph  (see  plate)  and  floods 
as  much  as  1,300,000  cubic  feet  per  second  might  occur  during  con- 
action  work.  Bridge  piers  have  been  built  under  such  circum- 
nces,  but  no  dam  has  ever  been  attempted  under  conditions 
iroximatmg  these  in  severity.  At  the  Keokuk  Darn,  which  has 
t  been  completed,  rock  was  everywhere  found  within  5  to  12  feet 
die  low-water  surface,  the  extreme  flood  discharge  for  which  pro- 
on  had  to  be  made  was  only  about  325,000  cubic  feet  per  second 
h  a  height  above  low  water  of  about  20  feet,  and  the  site  was  other- 
i  "  adapted  to  power-dam  constructions,  yet  the  work 
;  difficult  and  expensive,  requiring  over  two  years  to  complete  and 
ting  about  820,000,000.  A  detailed  estimate  of  a  project  consid- 
1  by  theboard  to  be  preferable  to  that  proposed  bv  the  Lakes-to- 
1  Deep  Water  Association  is  given  in  Appendix  D.  ^  This  estimate 
a  comparison  of  the  difficulties  of  the  Keokuk  and  St.  Louis  sites 
icate  that  the  St.  Louis  Dam,  power  house,  and  locks  alone  would 
over  858,000,000.  Dredging  of  deposits  and  regulation  above 
below  the  dam  would  add  at  least  $100,000,000 
:  has  already  been  noted  that  to  permit  the  generation  of  power 
o  a  bank-lull  stage  it  is  necessary  to  lower  the  pool  below  the  dam 
ffie  removal  of  a  quantity  of  material  estimated  by  the  Lakes  to 
Waterway  Association  at  100,000,000  cubic  yards,  but 
Puted  by  this  board  to  be  from  200,000,000  to  over  750,000  000 
lC  dependent  upon  the  channel  depths  to  be  obtained, 

lining  the  figure  of  100,000,000  to  be  correct  for  the  yardage  of  this 
ial  dredging  and  its  cost  to  be  $25,000,000,  and  adding  the  cost 
ind  damage  and  levee  protection,  amounting  to  over  $8,000,000, 
Ptotal  lor  the  St.  Louis  dam  would  be  over  $191,000,000  The 
^  test  quantity  of  continuous  power  which  the  dam  could  generate 
be  that  of  low  water,  at  which  time,  assuming  the  low-water 

jsia^ge,  including  present  authorized  diversions  from  Lake  Michi- 
as  reaching  a  total  of  40,000  second-feet,  and  the  head  as  reach- 
.  leet,  the  maximum  output  would  not  exceed  146,000  electrical 
fjapower,  and  the  cost  per  horsepower  would  be  over  $1,300,  which 
xceecls  the  cost  at  which  water  power  can  successfully  compete 
«  coalmen  when  the  latter  is  much  higher  in  price  than  it  tow 
the  vicinity  of  St.  Louis.  Moreover,  although  the  conditions  are 
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so  unusual  that  it  is  impossible  to  submit  a  definite  estimate  of  t 
cost  of  maintaining  the  proposed  improvement,  it  is  the  opinion 
the  board  that  the^ mere  cost  of  the  dredging  necessary  to  mamt! 
the  river  channel  in  the  unnatural  condition  contemplated  by  t, 
project  would  far  exceed  the  cost  of  the  coal  necessary  for  a  stei 
nlant  capable  of  creating  the  same  power  as  that  of  the  dams. 

P  The  plan  of  the  Lakes  to  the  Gulf  Deep  Waterway  Association 
the  dam  near  Commerce,  which  it  is  proposed  should  be  similar 
the  St.  Louis  dam  already  discussed  in  detail,  while  not  equally  of 
to  objection  because  of  increase  m  flood  heights,  is  neveithel 
obiectionable  because  of  the  failure  of  power  at  stages  above  bai 
full  stage  and  because  of  excessive  cost,  which  latter,  including  c 
of  all  requisite  contingent  works,  would  be  about  the  same  as  that 

thlsStthe7«oposed  by  the  Lakes  to  the  Gulf  Deep  Water, 
Association  would  raise  extreme  floods  3  feet  ' or  mor e  at  St^L°ulsc 
the  power  at  both  dams  would  fail  above  bank-lull  stage,  as  the  c 
of  construction  would  far  exceed  the  highest  figure  at  which  we 
power  can  successfully  compete  with  steam  power,  and  as  the  giec 
depths  wWch  the  dam  would  create  are  not  needed  for  navigat. 

^TlmboarJhas,  however,  made  studies  of  otg®^P1“S^lth 

are 0fuUy° described  ^icSisIhS  f 

suitablearrangement  of  the  dams  as  to  crest,  elevation,  and  lenf 
and  by  dredging,  it  may  be  possible  to  avoid  the  danger  of  increa 
flood  heights  at  St.  Louis,  and  of  the  failure  of  power  at  hig :  s  < 
at  both  dams,  yet,  under  the  most  favorable  circumstances,  the  f 
cost  of  dam  constriction,  dredging,  regulation,  power  msta dlations 
other  requisite  contingent  works  would  be  more  than  $428 ,OUU 
for  the  two  dams,  while  their  continuous  output  would  be  not  c 
050  000  electrical  horsepower,  and  therefore  the  final  cost  of  deve 
ment  of  power  will  be  far  too’  high  to  justify  the  undertaking 
The  board  accordingly  reports  that  the  imprcivement  t  ^ 
sissippi  River  by  high  dams  below  St.  Louis  is  without  merit  and 

worthy  of  further  consideration.  ^  ^  Bixby, 

Briqadier  General,  TJ.  S.  Army ,  retired, 

President  of  the  Boar 

C.  McD.  Townsend, 
Colonel,  Corps  of  Engineers,  TJ.  S.  Arm 

C.  Keller, 

Major,  Corps  of  Engineers,  TJ.  S.  Arm 

J.  B.  Cavanaugh, 

Major,  Corps  of  Engineers,  TJ.  S.  Arm 

John  Bogart, 

Civil  Engines 


[For  report  of  the  Board  of  Engineers  for  Rivers  and  Harbors 
page  3.] 
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Appendix  A. 

United  States  Engineer  Office, 

Rock  Island ,  III.,  August  13,  1913. 

rom:  Maj .  C.  Keller,  Corps  of  Engineers. 

o:  The  President,  Lakes  to  Gulf  Waterway  Board. 

abject:  Report  on  preservation  of  and  compensation  for  diminishing 

levels  of  Great  Lakes,  etc. 

The  following  report  upon  “such  measures  as  may  be  required  to 
roperly  preserve  the  levels  of  the  Great  Lakes  and  to  compensate,  so 
j*  as  practicable,  for  the  diminished  level  in  said  Lakes  and  the  con¬ 
noting  waters  thereof  by  reason  of  any  diversion  of  water  from  Lake 
ichigan  for  the  maintenance  of  the  proposed  waterway  *  *  * 

*  for  any  other  purpose”  is  now  submitted: 

1.  It  seems  hardly  necessary  to  prove  that  if  unaccompanied  by 
orks  which  will  diminish  the  flow  in  the  natural  outlet,  an  artificial 
version  caused  by  creating  a  new  outlet  for  any  body  of  water  must 
wer  its  level  below  that  which  would  have  existed  in  the  absence 
?  the  artificial  outlet  and  diversion,  and  that  the  amount  of  such 
wering  will  depend  upon  the  size  of  the  new  outlet  and  the  volume 
ms  diverted.  Certainly  the  asserted  lowering  would  hardly  be 
aestioned  were  the  diversion  at  Chicago  of  volume,  for  instance, 
jual  to  that  of  the  natural  dishcarge  at  Port  Huron.  Familiar 
:amples  in  proof  of  this  might  readily  be  multiplied,  but  one  will 
flice:  Consider  the  case  of  a  trough  or  fountain  basin  which  re¬ 
ives  a  constant  supply  of  water  and  from  which  the  waste  flows 
rough  a  rectangular  notch  or  cut  in  the  rim,  the  maximum  dis- 
targe  capacity  of  the  notch  being  slightK  greater  than  the  constant 
flume  of  water  flowing  into  the  trough  or  basin.  As  a  result  of  the 
icess  discharge  capacity  of  the  notch,  the  basin  will  never  fill  flush 

the  rim,  but  will  reach  and  maintain  some  level  of  equilibrium 
ghtly  below  the  top,  and  the  waste  will  then  equal  the  constant 
pply.  If  now  the  size  or  cross  section  of  the  outlet  is  increased 
flier  by  widening  the  first  notch  or  by  adding  another  one  elsewhere 
the  rim,  the  volume  of  water  outflowing  will  at  once  be  increased 
id  will  then  temporarily  exceed  the  supply.  The  surface  level  of 
e  basin  will  therefore  fall  until  it  is  so  low  as  once  more  to  bring 
pply  and  waste  into  equilibrium.  It  is  plain  that  the  difference 
(Tween  the  new  learnl  of  the  basin  and  its  former  elevation  is  due  to 
te  additional  notch  and  is  dependent  on  its  size  or  cross  section, 
lie  same  effects  will  follow  even  if  the  supply  is  variable,  but  it  will 
<  course  be  more  difficult  to  demonstrate  them  directly. 

2.  On  an  enormously  enlarged  scale  each  of  the  Great  Lakes  repro¬ 
aces  these  familiar  conditions.  The  Lakes  are  large  basins  of  water 
fed  formerly  discharged  through  a  single  outlet.  It  is  evident  and 
I  s  been  definitely  proven  by  gauge  measurements  that  the  volume 
^charged  through  any  outlet  varies  with  its  size,  increasing  as  the 
*ea  of  the  outlet  is  increased  when  the  level  of  the  basin  rises,  and 
(nainishing  as  the  area  of  the  outlet  is  reduced  by  a  fall  in  the  basin. 
rie  opening  of  the  drainage  canal  at  Chicago  produced  precisely  the 
stne  effect  on  the  Lakes  as  the  second  notch.  It  increased  the  total 
lea  of  the  outlets,  and  if  the  water  supply  to  Lake  Michigan  had  been 
f  fixed  quantity,  under  constant  atmospheric  and  barometric  con- 
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ditions  the  lowering  effect  of  this  artificial  outlet  would  have  bee 
definite  and  might  after  a  suitable  interval  of  time  have  been  reai 
directly  from  the  gauges  giving  the  elevation  of  the  lake’s  surface. 

3  Hut  the  amount  of  water  supplied  to  each  lake  from  its  draina^ 
basin  and  reaching  its  outlet  varies  from  year  to  year  with  the  quai 
tity  of  rainfall  (including  snow),  with  the  evaporation  dependei 
upon  the  relative  temperature  of  air  and  water  and  upon  the  previ 
lence  or  absence  of  wind,  with  the  soil  absorption  dependent  upe 
temperature,  capillarity  and  dryness  of  the  soil,  and  with  other  lei 
important  causes  which  affect  the  quan  tity  of  water  and  snow  iaiiir 
within  the  drainage  basin,  its  return  to  the  air  direct  or  through  the  sc 
and  growing  crops,  and  its  delay  by  temporary  storage  within  tl 
soil  The  surface  levels  of  the  Lakes  vary  correspondingly,  in  add 
tion  to  the  variations  in  the  quantity  of  water  supplied  to  each  lak 
complications  are  introduced  by  ice  in  the  outlets,  which  may  go r* 
and  cause  the  lake  above  to  maintain  an  abnormally  high  stage 
calendar  years  with  late  springs  and  by  wind  and  barometric  eftect 
the  latter  two  of  which  especially  on  Lake  Erie  sometimes  cause  laq 
fluctuations  in  monthly  surface  levels.  Plate  1  shows  in  separa 
curves  the  annual  mean  levels  of  all  the  Lakes,  these  levels  being  tl 
integrated  results  of  all  the  influences  above  described.  A  glance  1 
these  curves  of  annual  levels  will  show  their  irregular  rise  and  h 
and  the  consequent  difficulty  of  proving  by  direct  evidence  just  wh 
and  how  much  is  the  effect  upon  lake  levels  produced  by  the  creatic 
of  an  artificial  outlet,  such  as  that  at  Chicago  It  is  further  a  we 
known  fact  that  the  levels  of  all  the  Great  Lakes  are  subject  toco 
siderable  seasonal  fluctuations,  shown  on  plates  2,  3,  4,  5,  and  j 
which  show  certain  curves  of  monthly  mean  lake  leveis.  Gcneralj 
speaking,  they  are  low  in  the  early  spring  and  late  fall,  and  high  dura 
3  to  4  of  the  spring  and  summer  months.  Such  seasonal  fiuctuatio 
are  due  to  corresponding  variations  in  the  net  supply  of  water  to  tJ 
various  lakes,  this  net  or  availably  supply  being  m  general  low  dura 
the  months  of  November,  December,  January,  and  February,  nig 
due  to  precipitation  and  run-off,  during  March  and  April;  moderate 
quantity  during  May  and  June;  and  thereafter  again  below  the  aye 
age.  These  differences  in  net  supply  are  not  immediately  producti 
of  corresponding  changes  in  monthly  levels  which  may  and  do  lag 
much  as  3  or  4  months  behind  the  acting  causes.  The  extreme  ran 
of  the  monthly  levels  of  the  Great  Lakes  for  the  period  1860  191  , 
elusive,  has  varied  from  3.32  feet  for  Lake  Superior  to  5  54  feet  f 
Lake  Ontario,  with  maximum  changes  m  a  single  period  of  12  mont 
of  from  2.58  feet  on  Lakes  Huron  and  Michigan  to  3.97  ieet  on  Da 
Ontario  High  water  does  not  occur  at  precisely  the  same  time  om 
the  Lakes.  Due  to  climatic  causes,  it  is  earlier  for  the  lower  lay 
(Ontario  and  Erie)  than  for  those  above  the  average  difference  in  tn 
between  high  water  on  Lake  Ontario  (May- June)  and  high  water 
Lake  Superior  (August-September)  being  nearly  3  months,  and  the 
is  a  corresponding  interval  between  low  waters  (December  March 

Ontario  and  February-April  on  Superior) .  , 

4  Thus  while  it  is  certain  that  the  diversion  of  water  through  a 
artificial  outlet  can  not  raise  the  lake  levels  and  must  either  delay  a 
diminish  the  raising  or  hasten  and  increase  the  lowering  of  the 
involved,  the  proof  of  this  conclusion  must,  because  of  the  variatio 
in  the  elevations  of  the  lake  surfaces  just  described,  be  mdire< 
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leginning  in  1895,  over  five  years  before  any  diversion  took  place 
irough  the  drainage  canal,  the  L  nited  States  lake  survey,  under  the 
ireetion  of  the  Chief  of  Engineers,  United  States  Army,  began  a  sys- 
unatic  series  of .  measurements  of  discharge  in  the  St.  Marys,  St. 
lair,  Detroit,  Niagara,  and  St.  Lawrence  Rivers  to  determine  the 
Nation,  if  any,  which  exists  between  the  volumes  discharged  by  those 
vers  and  the  levels  of  the  lake  surfaces.  In  order  to  determine  the 
w  connecting  lake  discharge  and  lake  levels,  the  discharge  observa- 
ons  have  covered  as  wide  a  range  of  lake  levels  as  possible.  Up  to 
Le  present  the  surface  elevations  during  the  measurements  have  for 
ake  Ontario  (Ogdensburg  gauge)  varied  between  242.9  feet  and  246.3 
et  above  sea  level;  for  Lake  Erie  (Buffalo  gauge),  between  570.0  and 
'3.92  feet;  for  Lake  Huron  (F ort  Gratiot  gauge),  between  579.43  and 
>1.22  feet,  and  for  Lake  Superior  (above  Soo  Locks),  between  601.30 
id  602.30  feet.  The  observations  used  for  Lake  Superior  are  those 
September,  1909,  at  Sault  Ste.  Marie,  which  are  the  latest  taken 
this  locality. 

5.  These  discharge  measurements  have  been  numerous  and  the 
mge  of  lake-surface  heights  has  been  sufficient  to  demonstrate  con- 
lsively  that  there  is  a  direct  connection  between  the  height  of  each 
£e  and  the  volume  of  water  discharged  at  its  outlet.  The  observa- 
»ns  have  been  carefully  made,  so  that  it  is  possible  to  state  with  some 
ecision  how  much  the  discharge  of  any  one  of  the  lakes  is  increased 
a  given  rise  in  its  surface  or,  conversely,  how  much  the  discharge 
11  decrease  for  a  corresponding  fall.  For  a  change  of  1  foot  from 
3  mean  of  the  stages  covered  by  the  observations  on  each  lake  the 
^-charge  will  change  as  stated  in  Table  I. 


Table  I. 


Lake. 

Mean  stage.1 

Discharge 
at  mean 
stage. 

Change  in  discharge  due  to  1  foot  change  in  level  close  to 

mean  stage. 

srior . . . 

601. 80 
.580.  38 
571.96 
244.  60 

75, 000 
192, 300 
195,500 
230,  000 

15.300,  gauge  at  S.  W.  canal  pier. 

21,500,  Tort  Gratiot  gauge.  Lake  St.  Clair  normal. 

22.300,  Buffalo  L.  H.  gauge. 

23,200.  Ogdensburg  gauge.  Discharge  adjusted  for  effect  of 
closure  Gut  Channel  in  Galops  Bapids  estimated  to  reduce 
existing  discharges  9,000  cubic  feet  per  second  below  those 
formerly  existing  at  the  same  stage. 

ligan-Huron _ 

irio . 

1  Mean  of  range  during  discharge  measurements. 


U  change  in  level  of  1  foot  at  high  stages  is  accompanied  by  a  some- 
pat  greater  change  in  discharge  than  at  lower  stages,  because  at  the 
iher  stages  a  given  change  in  level  has  a  greater  effect  upon  the 
ia  of  the  outlet,  but  only  the  mean  values  given  in  the  above  table 
l]  used  in  this  discussion.  Thus  it  would  appear  that  for  each  level 
>1  any  of  the  lakes  there  is  a  corresponding  discharge  fixed  and 
i'ermined  by  that  level,  and  that  on  the  other  hand  when  the  dis- 
•1  rge  is  given  the  level  of  the  corresponding  lake  is  also  fixed.  With 
Infinite  change  of  surface  height  there  is  a  corresponding  increase  or 
l(rease  of  flow,  as  shown  in  the  preceding  table.  The  fact  that  an 
ii  ficial  increase  in  outflow,  such  as  that  due  to  the  diversion  at 
-  ago,  will  lower  the  lake  immediately  concerned  and  all  dependent 
Hit  for  their  supply,  is  a  direct  and  necessary  inference  from  the  above 
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1,000  and  14,000  cubic  feet  per  second,  are  shown  in  Table  . 


Table  2. 


1,000 

cubic 

Superior. 

Michigan 

and 

Erie. 

Ontario. 

feet. 

Huron. 

Foot,. 

Foot. 

Foot. 

Foot. 

1 

0.  065 

0.046 

0. 045 

0. 043 

o 

.131 

.093 

.090 

.  086 

Q 

.  196 

.139 

.134 

.  129 

A 

261 

.186 

.179 

.  172 

p; 

.327 

.232 

.224 

.2165 

A 

.392 

.279 

.269 

.260 

7 

.457 

.325 

.314 

.303 

ft 

.523 

.373 

.359 

.  346 

Q 

.588 

.419 

.404 

.  399 

10 

.654 

.465 

.448 

.  431 

ii 

.719 

.511 

.493 

.  474 

12 

13 

14 

.784 

.850 

.915 

.558 

.602 

.659 

.538 

.583 

.628 

.  517 
.560 
.603 

Safe^assSsfiSai 

winds  and  barometric  disturbance* \JSz  td  whUe the  discha 
as  has  been  explained,  constantly jarymg^aM  ^  ^  ^ 

S£S^S.SU  seen  from  the  pis 
“TSm  regular  Itata  Ju* 

equilibrium  betweetopplj^  ,,kes  „, rim  « 

“d«e  th“  rise ;  if  they  ore  fulling,  il  will  mere...  lb.  Ml  1  •»<! 


WATERWAY  LOCKPORT,  ILL.,  TO  MOUTH  OF  ILLINOIS  RIVER.  27 

effect  of  the  diversion  will  unquestionably  be  a  reduction  of  the  level 
;vhich  would  have  existed.  This  diminution  of  level  is  simply  that 
corresponding  to  the  finally  lessened  outflow  at  the  natural  outlet, 
md  its  amount  can  be  determined  from  Table  2. 

8.  The  above  diminution  of  level  caused  by  a  diversion  of  given 
volume  will  not  be  immediate.  A  considerable  time  will  elapse  before 
my  large  part  of  the  ultimate  lowering  of  any  of  the  lakes  will  have 
aken  place.  The  time  required  to  produce  the  lowering  due  to  an 
irtifieial  diversion  from  any  of  the  lakes  will  depend  on  its  surface 
urea,  so  that  the  smaller  the  lake  the  sooner  a  diversion  of  given  vol- 
ime  will  produce  its  corresponding  effect.  As  shown  in  the  report  of 
he  Lake  Survey  for  1904,  page  4120,  half  of  the  ultimate  fall  of  Lakes 
4ichigan-Huron  will  occur  in  1.46  years,  and  nine-tenths  of  the  fall 
fill  be  completed  in  4.86  years,  so  that  the  effect  of  a  diversion  is 
low  to  appear,  and,  as  stated,  changes  in  precipitation  and  run-off 
aay  serve  to  obscure  the  effect.  For  each  lake  of  the  Great  Lakes 
;ystem  the  time  required  for  50  per  cent  and  for  90  per  cent  of  the 
ltim ate  lowering  is  shown  in  Table  3. 

Table  3. 


— 

iperior . 

ichigan-Huron 

:.  Clair . 

rie . 

ntario . 


Lake. 


Time  required  to  produce  50 
per  cent  of  ultimate  lowering. 

Time  required  to  produce  90 
per  cent  of  ultimate  lowering. 

14.4  months . 

47  months. 

58  months. 

6.4  days,  or  0.213  month. 

8  months. 

7  months. 

18  months . 

46  hours,  or  0.006  month . 

2.5  months . 

2.1  months . . 

9.  The  lowering  due  to  an  artificial  diversion  is  not,  moreover, 
infined  to  the  single  lake  from  which  the  diversion  proceeds,  but 
ke  effects  may  be  caused  in  the  lakes  and  connecting  channels  above 
rid  below.  The  diversion  at  Chicago,  now  under  consideration,  is 
idespread  in  its  hurtful  effects,  Lake  Superior,-  by  reason  of  the  fall 

'  ^20  feet  between  it  and  Michigan  and  Huron,  being  the  only  one  not 
rjured  thereby,  though  it  should  be  noted  that  injury  is  unquestion¬ 
ably  done  at  all  of  the  channel  of  the  St.  Marys  Liver  in  the  49^ 
dies  from  the  upper  sills  of  the  locks  at  Sault  Ste.  Marie  down  to 
ake  Huron. 

10.  From  plates  1  to  6,  herewith,  it  will  be  seen  that  the  annual 
vel  of  Lake  Superior  has  been  falling  since  1905,  during  the  six 
ears  between  1905  and  1911  having  dropped  about  1.3  feet,  corre- 
oonding  to  a  loss  of  storage  capacity  of  more  than  six  months’  total 
ischarge.  Lakes  Michigan,  Huron,  and  Erie  have  been  faffing  since 

1108.  In  the  three  years  between  1908  and  1911  they  have  each 
topped  more  than  1.3  feet,  and  Lake  Ontario  has  dropped  about  2.2 
et  in  the  same  time.  On  all  the  four  lower  lakes  the  mean  water 
Hrface  for  1911  was  at  least  1.2  feet  below  the  mean  level  of  the  past 
[|-  years.  Lakes  Michigan  and  Huron  were  in  March,  1911,  at  eleva¬ 
tion  579.30,  only  0.30  foot  above  their  lowest  recorded  monthly  stage 
nee  1860,  and  the  lowest  monthly  stage  in  1911  on  Lake  Erie,  571.04, 
as  only  0.35  foot  above  the  lowest  recorded  monthly  mean  for  that 
ke.  These  low  stages  are  accompanied  by  corresponding  reductions 
'  depths  of  the  St.  Marys,  St.  Clair,  and  Detroit  Livers,  and  the 


28  WATERWAY  LOCKPORT,  ILL.,  TO  MOUTH  OP  ILLINOIS  RIVER. 


harbors  upon  Lake  Erie,  and  as  the  depths  of  these  harbors  and  con¬ 
necting  channels  limit  the  draft  to  which  vessels  may  load,  the  result 
is  a  corresponding  loss  of  productive  capacity  in  the  large  lake  fleet  i 
which  is  now  designed  and  built  to  take  advantage  of  every  inch  ol 
depth  available  at  these  critical  points.  The  largest  lake  freighters 
when  nearly  fully  loaded  carry  over  80  tons  of  freight  for  each  addi-; 
tional  inch  of  draft.  A  diversion  of  10,000  cubic  feet  per  second  fron; 
Lakes  Michigan  and  Huron  by  the  Chicago  Drainage  Canal  will,  as  showr  j 
above,  eventually  reduce  the  average  level  of  those  lakes  at  leas1 
0.465  foot,  or  5.58  inches,  and  of  Lake  Erie  0.448  foot,  or  5.38  inches 
the  losses  of  depth  along  the  St.  Clair  and  Detroit  Rivers  being  inter 
mediate  between  these  values.  Consequently,  in  addition  to  th< 
unavoidable  losses  caused  by  the  reduction  of  lake  levels  due  t< 
natural  causes,  an  uncompensated  Chicago  diversion  of  10,000  second 
feet  for  each  single  down  trip  of  such  a  vessel  would  cause  a.  loss  o 
about  446  tons  of  carrying  capacity.  An  average  of  25  trips  pe 
season  would  mean  a  loss  of  at  least  11,150  tons,  which  at  55  cents  pe 
ton  would  during  a  busy  season  represent  an  annual  loss  of  ove 
$6,000  for  the  down  trips  of  each  large  vessel.  Each  season  mam 
vessels  of  such  size  as  to  be  affected  by  any  loss  of  depth  caused  by  J 
Chicago  diversion  pass  through  the  locks  at  Sault  Ste.  Marie.  Basee 
upon  the  known  characteristics  and  numbers  of  the  lake  fleet,  it  ha 
been  estimated  that  the  total  annual  loss  due  to  a  Chicago  diversion 
of  10,000  second-feet  might  be  over  $1,000,000,  and  this  woul 
increase  with  number  and  size  of  vessels.  A  diversion  of  10,000  second 
feet  at  Chicago  has  not  been  authorized,  but  the  diversion  ahead; 
made  has  produced  a  proportionate  loss  in  depth  and  revenue.  1 
prevent  this  loss,  remedial  measures  are  necessary. 

11.  The  Board  of  Engineers  on  “Deep  Waterways  between  th 
Great  Lakes  and  the  Atlantic  Tidewaters”  in  its  report  of  June  3( 
1900,  House  Document  No.  149,  Fifty-sixth  Congress,  second  sessior 
pages  273  to  293,  presented  a  plan  for  the  regulation  of  Lake  En 
between  fixed  levels  by  the  construction  of  submerged  weirs  aggre 
gating  2,900  feet  in*  length,  combined  with  13  adjustable  sluices 
each  80  feet  wide,  controlled  by  Stoney  gates,  these  works  to  be  bull 
at  the  foot  of  Lake  Erie,  just  below  Buffalo  Harbor.  The  regulate 
level  proposed  was  574.7  feet  above  sea  level,  about  a  half  foot  belo1 
extreme  high  water  in  Lake  Erie,  and  it  was  stated  that  these  wort 
would  hold  the  lakes  within  0.6  foot  of  the  adopted  level,  temporar 
violent  fluctuations  not  considered.  It  was  further  stated  that  th 
result  of  such  regulation  would  be  to  raise  the  lake  surface  about 
feet  above  its  ordinary  low-water  elevation.  Moreover,  while  th 
low-water  level  of  Lake  Erie  would  be  raised  about  3  feet,  it  was  est 
mated  that  by  backwater  Lake  St.  Clair  would  be  raised  about 
feet  and  Lakes  Michigan-Huron  about  1  foot. 

12.  In  House  Document  No.  779,  Sixty-first  Congress,  second  se; 
sion,  pages  10,  11,  and  12,  and  pages  49,  et  seq.,  it  is  clearly  show 
to  be  impossible  to  regulate  Lake  Erie  within  the  limits  proposed  l 
House  Document  No.  149,  owing  primarily  to  its  wide  and  lawles 
variation  in  supply  and  further  to  the  lake’s  sudden  and  violer 
oscillations,  which  have  amounted  to  as  much  as  2  feet  in  an  hoi 
and  8  feet  in  a  day,  the  difference  in  levels  between  the  two  ends  < 
the  lake  in  extreme  cases  having  at  times  been  as  much  as  15  lee 
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'he  views  expressed  in  House  Document  No.  779  are  summarized 
s  follows:  The  regulating  works,  situated  as  proposed,  would  tend 
o  aggravate  ice  jams  at  the  head  of  the  Niagara,  which  in  turn  might, 
uring  southwesterly  storms,  cause  disastrous  inundation  of  "the 
i>wer  lying  parts  of  Buffalo.  Moreover,  the  ice  gorges  now  occur- 
_ng  at  the  Horseshoe  Reef  at  the  head  of  the  Niagara  River  retard 
ae  opening  of  the  season  of  navigation  at  Buffalo,  and  an  aggrava- 
on  of  these  gorges  might  serve  to  increase  this  delay,  while  the  works 
perns  elves  might  under  these  conditions  be  difficult  to  maintain, 
ad  furthermore,  even  during  the  ice-free  months,  raising  the  level 
bhie  by  3  feet  would  increase  the  overflow  damage  caused  at 
uftalo  by  severe  southwesterly  storms.  Floods  from  Buffalo  Creek 
ould  also  be  more  damagmg,  while  low-lying  lands  along  the  entire 
ctent  of  the  shore  line  of  Lake  Erie  would  be  permanently  sub- 
Lerged.  Such  regulation,  accompanied  as  it  would  be  by  a  change 
.  the  outflow  of  Lake  Erie,  would  prove  detrimental  to  depths  in 
ake  Ontario  and  in  the  St.  Lawrence  River.  Regulation  of  the 
vel  of  Lake  Erie  between  wider  limits,  even  between  572  and  574.5, 
pes  not,  in  view  of  its  disadvantages,  appear  to  be  desirable.  Reg- 
ation  oi  the  level  of  Lakes  Michigan  and  Huron  would,  if  feasible, 
■ove  beneficial  only  on  those  lakes  and  in  the  lower  St.  Marys  River, 
id  would  be  detrimental  to  the  lakes  and  rivers  below.  Due  to  the 
itremely  wide  variations  in  supply,  however,  the  regulation  of  Lakes 
ichigan  and  Huion  is  not  considered  feasible.  Mioreover,  the  works 
icessary  for  regulation  would  probably  cause  a  serious  obstruction 
I  navigation  at  the  head  of  the  St.  Clair  River. 

13.  In  the  Transactions  of  the  American  Society  of  Civil  Engi- 
ers,  vol.  63,  June,  1909,  Mr.  C.  E.  Grunsky,  member  American 
•ciety  of  Civil  Engineers,  proposes  the  use  of  Lake  Superior  as  a 
3rage  reservoir,  regulating  it  at  a  high  stage  within  narrow  limits 
th  a  view  to  delivering  a  large  flow  at  low  stages  of  Lakes  Mich- 
m  and  Huron,  thereby  neutralizing  in  part  at  least  the  harmful 
ect  of  the  Chicago  diversion.  Concerning  this  it  may  be  said  that  the 
^el  of  Lakes  Michigan  and  Huron  depends  on  the  total  quantity  of 
liter  supplied  to  them  and  the  area  of  their  outlet,  and  that,  unless 
®  b °bh  of  these  are  altered,  it  is  impossible  to  cause  any  change 
their  mean  level  over  a  series  of  years.  Since  storage  in  Lake 
perior  can  not  increase  the  total  supply  to  Lakes  Michigan  and 
.iron,  its  only  effect  will  be  to  lower  the  latter  lakes  and  those  below 
nle  accumulation  of  water  is  going  on  in  Lake  Superior.  When  the 
fled  water  is  subsequently  discharged  at  perhaps  an  abnormally 
kh  rate  of  flow,  the  surface  of  the  lakes  below  may,  for  a  relatively 
•  ef  period,  be  elevated  above  its  natural  height  more  than  it  had 
Fmously  been  depressed,  but  the  duration  of  such  increase  will  be 
errespondingly  brief,  and  in  the  long  run,  the  mean  stage  of  the 
laes  will  not  be  benefited.  Storage  in  Lake  Superior  may  also,  at  the 
■Pense  of  an  increase  in  its  fluctuations,  reduce  the  range  of  fluctua- 
f ^  Lakes  Michigan  and  Huron.  Such  a  change  will  not  compen- 
f I e  for  bhe  absolute  loss  oi  water  caused  by  the  Chicago  diversion,  and 
JJ  not  benefit  navigation.  Vessels  habitually  load  to  the  extreme 
lit  permitted  by  the  minimum  depth  along  their  route,  and  re- 
Ltion  of  the  range  of  annual  fluctuation  of  Lakes  Michigan  and 
tiron  will,  during  the  season  of  navigation,  afford  no  greater  average 
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depth  in  the  lakes  and  channels  below  the  locks  at  Sault  Ste.  Marie, 
wllile  the  increased  fluctuations  of  depth  m  the  St.  Marys  River  and 
in  Lake  Superior  may  prove  exceedingly  damaging. 

14  In  House  Document  No.  779,  Sixty-first  Congress  second  ses¬ 
sion  nates  56  57  et  seq.,  is  a  further  discussion  showing  the  impracti- 
cabi’lityh  regulating  Lake  Superior  between  fixed  limits  and  of  usim 
ft  as  a  storafe  reservoir  to  compensate  for  the  loss  of  levels  on  thy 
lower  lakts  chie  to  the  diversion  at  Chicago.  Moreover,  the  mear 
level  of  Lake  Superior  for  1911  was  0.84  foot  below  its  average  o; 
the  52  years  1860-1911,  and  its  outflow  should  now  be  restnctei 
Sther  tC  increked,  although  the  need  for  water  below  was  neve: 

greater  Shenehon,  member,  American  Society  of  Civil  Engi 

neers  has  presented  for  the  consideration  of  the  board  two  plans  on 
for  compensating,  the  other  for  regulating  the  levels  of  Lake  Erie 
each  “Pthem  Evolving  the  construction  of  certain  works  m  th 

^lf^The  first  plan,  as  set  forth  in  his  letter  of  October  12,  1912 
with  plates  8  ancl  9  attached  hereto,  proposes  the  construction  irnme 
diately  above  the  Falls  of  a  submerged  dain  or  we^acro^  Hie  N  g 
Liver  from  Port  Day  to  a  point  opposite  it  on  the  Canadian  snor 
This  weir  would,  it  if asserted,  raise  the  Chippewa-Grass  Po* 

about  6  inches,  and,  through  back-water  effects,  raise  Lake  Bne  abo^ 
1  inch,  with  proportionate  effects  at  intermediate  points.  In l  anoth 
rdice  it  has  been  estimated  that  a  diversion  of  20,000  secon 
from  the  Chippewa-Grass  Island  Pool  will  lower  Lake  Erie  about 
inch  The  existing  diversion  on  the  American  side  of  the  pool 
15  100  second-feet,  so  that  the  proposed  weir  would  compensate  tl 
level  of  Lake  Erie  for  somewhat  more  than  the  lowering  estima 


Lxatp  of  jo  kp,  ttne  ior  some  w  nan  uiuic  ^ 

relult  from  the  diversions  of  the  American  power  companies 
Niao-ara  Falls  At  the  same  time  the  weir,  located  as  proposed,  migl 
consTderaWy  improve  conditions  of  flow  at  both  ends  of  the  Hors 
shoe  Falls  This  plan,  while  probably  of  benefit  m  connection 
power  and  scenic  conditions  at  Niagara  Falls,  does  not,  h°weyh  . 
cornnensate  for  “diversion  of  waters  from  Lake  Michigan,  and  whi 
it  ZyZve  merit  the  board  does  not  deem  it  necessary  to  discuss  , 

fU  r^The  second  plan  of  Mr.  Shenehon  is  for  intermittent  regulate; 
of  the  level  of  Lake  Erie  by  constructing,  1,000  feet  below  the  Buffa 
waterworks  hi  take  pier  and  just  above  .the  I^niatmnal  Bridge  : 
adjustable  weir  about  480  feet  m  clear  width  which,  when  comple 

closed,  will  diminish  the  outflow  of  Lake  Erie  *  f  St 

ond-feet.  Were  the  gates  constantly  closed  this  would  result 

Vflkino-  the  level  of  the  lake  somewhat  less  than  1.5  feet,  but 

5ra  texts 

Sdyin  thrT  interest  h  the  power  companies  and  of  seer 
conditions^ atLiagara  Falls  Mr.  Shenehon  proposes  to  toep^he  gal 
continuously  closed  during  Novembei  an  M  ,  j  April  Duri 
them  entirely  during  January,  February,  Marc  ’/•  *j*be  Reason 
the  months  May  to  October,  inclusive  that  ,  pa 

are  most  numerous — the  gates  aie  10  nr  up 
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ie  flow  of  the  Niagara  River  to  about  190,000  second-feet  during 
gening,  night,  and  early  morning  hours — 16  hours  in  all,  and  to  in¬ 
ease  the  flow  to  220,000  second-feet  during  eight  daylight  hours, 
ach  an  arrangement  would,  it  is  urged,  improve  scenic  condi- 
ons  at  Niagara  Falls  and  would  further  help  the  power  companies 
3tter  to  carry  their  peak  loads  without  diminishing  the  daily  flow 
mr  the  Falls  below  its  former  natural  volume. 

19.  The  mean  level  of  Lake  Erie  for  the  52  years,  1860-1911,  inclu- 
ve,  is  572.56.  Were  it  possible  to  hold  its  mean  level  at  573  during 
te  months  of  navigation,  the  level  of  this  lake  would  be  raised  about 
df  a  foot  above  its  annual  mean,  and  this  would  compensate  Lake 
ie  for  the  lowering  due  to  a  diversion  from  Lake  Michigan  of  over 
,000  second-feet  and  by  back-water  effects  would,  it  is  believed,  com- 
nsate  Lakes  Michigan  and  Huron  for  a  diversion  at  Chicago  of  about 
250  second-feet.  The  benefits  of  this  plan  of  regulation  would  be 
eatest  whenever  the  lake  fell  below  its  mean  level,  572.56,  and,  at 
wer  natural  stages  of  Lake  Erie,  such  regulation  might  result  in 
mpensation  on  Lakes  Michigan  and  Huron  for  a  Chicago  diversion  of 
rhaps  6,000  second-feet.  Mr.  Shenehon’s  proposal  differs  in  detail, 
it  not  in  principle,  from  that  proposed  by  the  Board  of  Engineers  on 
3eep  waterways  between  the  Great  Lakes  and  the  Atlantic  tide 
iters,”  in  House  Document  No.  149,  Fifty-sixth  Congress,  second 
ssion,  which  is  discussed  in  paragraphs  11  and  12  of  this  appendix, 
le  objections  to  this  plan  are  those  which  apply  to  any  scheme  for 
gulating  the  lakes — i.  e.,  to  substituting  controlled  and  artificial 
mis  and  fluctuations  of  levels  for  those  which  now  exist.  It  is  not 
lieved  that  any  scheme  of  regulation  has  sufficient  advantage  over 
e  plan  of  compensation  by  means  of  contraction  works  in  the  out- 
s  to  justify  its  adoption.  The  contraction  works  permit  the  nat¬ 
al  oscillations  to  continue  undisturbed  and  cause  no  vital  change 
stages  and  in  oscillations  of  the  lakes  below.  Moreover,  under 
.  Shenehon’s  plan  the  extent  of  compensation  on  Lakes  Erie  and 
chigan-Huron  will  vary  with  natural  conditions,  compensation  on 
kes  Michigan  and  Huron  at  times  being  sufficient  for  a  Chicago  diver- 
n  of  perhaps  6,000  second-feet;  at  other  times  for  a  diversion  of 
rhaps  less  than  3,000  second-feet,  with  similar  variations  on  Lake 
ie.  F or  full  compensation  on  Lakes  Michigan  and  Huron,  for  diver- 
n  greater  than  about  6,000  second-feet,  supplementary  works  in  the 

Clair  River  would  probably  be  necessary.  Contraction  works,  on 
3  other  hand,  operate  automatically  and  fully  compensate  for  the 
mal  diversions.  Further  objections  to  this  plan  of  regulation  are 
3  deleterious  effect  upon  Lake  Ontario  and  the  St.  Lawrence  River, 
e  to  prolonged  storage  in  Lake  Erie,  and  there  is  also  a  possibility 
it  a  succession  of  years  of  low  precipitation  might  render  the  plan 
oily  inoperative.  Mr.  Shenehon’s  letter  of  October  29,  1912,  with 
de  10  attached,  appended  hereto,  fully  explains  this  plan  of  inter- 
ttent  regulation. 

20.  As  shown  by  the  great  uniformity  of  flow  in  their  connecting 
ers  when  compared  with  other  streams  of  corresponding  magni- 
L,  the  Lakes  themselves  in  their  natural  state  regulate  the  flow  in 
‘se  rivers  automatically  and  far  more  perfectly  than  can  be  done 
human  agency.  .  Artificial  regulation  is  impracticable  because  of 
'  niter  impossibility  of  predicting  precipitation,  run-off,  and 
iporation  for  one  or  moie  vears  in  advance  of  needs.  Moreover. 
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it  is  in  the  connecting  rivers  that  the  limiting  depths  available  1c 
navigation  have  usually  been  found,  and  there  the  depth  mig  u 
affected  unfavorably  by  any  plan  involving  storage.  To  prever 
dangerous  interference  with  this  beneficial  natural  adjustment  of  th 
flow°  compensation  must  be  attempted  only  so  far  as  will  not  mterfei 

with  natural  oscillations.  . 

21.  The  diversion  at  Chicago  transfers  from  the  drainage  basin  < 
the  Lakes  to  that  of  the  Illinois  River  a  considerable  portion  of  tl 
water  supply  which  naturally  belongs  to  the  Great  Lakes  and  lowe 
the  level  of  the  entire  system  from  and  including  the  lower  si  Is  of  tl 
locks  in  the  St.  Marys  River  down  to  the  mouth  of  the  St.  Lawrenc 
The  water  once  diverted  at  Chicago  is  forever  lost  to  the  St.  Lawrem 
Basin.  To  restore  the  natural  depths  of  the  channel  in  the  lowe  S 
Lawrence  River  is  impossible  except  by  dredging,  and  in  the  upp1 
St.  Lawrence  only  by  more  or  less  extensive  and  expensive  works. 

22.  The  loss  of  depth  on  Lake  Ontario,  . due  to  a  diversion  of  10,0 
second-feet  would  be  0.431  foot,  or  5.2  inches.  The  closure  of  tl 
Gut  Channel  of  the  Galops  Rapids  by  the  Canadian  Government 
1903  has  had  the  effect  of  raising  the  level  oi  Lake  Ontario  b}  abo 
the  same  amount.  No  further  compensation  is  therefore  atpres  , 
necessary  on  Lake  Ontario  to  restore  its  natural  levels.  I  he  he. 
of  Galops  Rapids  will  probably  afford  an  advantageous  site  lor 
submerged  dam  or  weir  to  obstruct  further  the  area  of  the  c  ian 
through  which  Lake  Ontario  discharges,  and  no  great  engmeeri 
difficulty  should  be  experienced  in  semumg  any  re^oiiabL  imnca 
of  level  on  this  lake,  but  storage  m  this  lake  would,  temporarily 
least  diminish  depths  in  the  St.  Lawrence  River.  On  plate  7  is  shoi 
an  extract  from  the  Lake  Survey  chart  of  the  '^^HLhmdeslfi 
tional  compensation  works  may  most  readily  b.®  ^T^Frie  to  t 

23.  For  the  channels  and  lakes  from  the  foot  of  Lake  , 

St  Marys  Locks,  so  far  as  affected  by  the  Chicago  diversion,  a  pi 
of  compensation  seems  feasible  which  will  not  disturb  natural  cc 

ditaotis  compensate  for  the  reduction  of  level  m  Lake  Erie,  t 
outflow  capacity  of  the  Niagara  River  must  be  diminished  , 
building  submerged  weirs  or  contraction  works  a  short  dis  a 
below  its  head  this  may  be  done  without  altering  the  range  and 
periods  of  the  natural  oscillations  of  the  lake.  At  the  same  td 
the  free  flow  down  the  Niagara  River  will  remain  practicallv 
changed.  A  proper  location  of  the  wens,  which  will  be  of  mofler. 
height,  or  of  the  contracting  dikes  will  not  increase  the 'dang ^ 
ice  gorges  in  the  upper  Niagara  River.  A  diversion  of  10,000  cu 
feet  Der  second  at  Chicago  would  lower  Lake  Erie  0.45  toot.  VV( 
and  contraction  works  Lay  safely  be  built  m  the  portion  of 
Niagara  River  at  the  foot  of  Squaw  Island,  near  Austin  Stre 
shown  on  plate  7,  and  computation  shows  that  to  produce  a  rise 
0  45  foot  on  Lake  Erie,  the  rise  at  Squaw  Island  must  be >0.85  fo 
Three  weirs,  one  at  the  foot  of  Squaw  Island,  the  others  half  an 
above  Tnd  below,  respectively,  and  averaging  4  2  feet  m  height  ab< 
the  nresent  river  bed  will  produce  the  desired  rise  of  0.85  toot 
Sauaw  Island  and  will  thereby  compensate  for  the  diminished  lei 
ofTake  Erie  With  a  top  w/dth  of  6  feet  and  slopes  o  3  h< 
zontal  to  1  vertical,  these  three  weirs  would  contain  about .  1  , 
cubic  yards  of  material  and,  if  built  of  solid  masonry,  at  $10  j 
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urd  would  cost  $150,000.  In  place  of  these  submerged  weirs  con- 
taction  works  at  the  same  locality  would  produce  the  same  result  at 
Imewhat  higher  cost,  but  to  avoid  undesirably  great  effects  at 
Igher  stages  these  contraction  works  should  not  extend  above 
lean  stage. 

125.  It  is  known  that  when  the  surface  of  Lake  Erie  is  elevated 
I  ere  will  be  some  backwater  effect  on  Lakes  Michigan  and  Huron, 
Itimated  to  be  slightly  more  than  one- third  the  rise  of  Lake  Erie, 
turning  the  surface  of  Lake  Erie  raised  0.45  foot,  it  is  estimated  that 
e  backwater  rise  of  Lakes  Michigan  and  Huron  may  be  as  much  as 
16  foot,  A  diversion  of  10,000  second-feet  at  "Chicago  would 
yer  Lakes  Michigan  and  Huron  0.47  foot,  and  the  difference  between 
is  and  the  above  backwater  effect,  or  0.31  foot,  represents  the 
ditional  amount  which  the  surface  of  Lakes  Michigan  and  Huron 
ust  he  raised  to  compensate  for  such  diversion.  The  St.  Clair 
ver  is  a  main  artery  of  the  highly  important  lake  traffic,  and  if 
bmerged  weirs  are  to  be  built  in  this  river  to  raise  the  level  of 
-kes  Michigan  and  Huron,  sites  must  be  chosen  and  the  weirs  built 
such  height  that  the  depth  over  them  will  be  ample  and  that 
ivigation  may  remain  convenient  and  unobstructed.  The  average 
ptli  of  the  St.  Clair  River  for  a  considerable  distance  below  the 
)uth  of  Black  River  at  Port  Huron  is  30  feet,  and  six  weirs  may 
built  below  that  point,  at  distances  averaging  half  a  mile  apart, 
lich  will  raise  the  surface  of  Lakes  Michigan  and  Huron  the  desired 
iount  and  wifi  not  reduce  the  depth  over  the  weirs  and  elsewhere 
low  24  to  25  feet.  The  mean  velocity  of  the  current  in  this  vicinity 
'uld  he  increased  from  about  3.28  feet  to  about  3.89  feet  per  second, 
to  about  2§  miles  per  hour,  and  the  effect  of  this  increase  would 
felt  over  a  distance  of  about  3  miles  below  the  upper  weir,  while 
love  it  the  river  slopes  and  velocities,  new  excessive,  wifi,  be  dimm¬ 
ed  and  navigation  will  be  benefited/  The  weirs,  located  as  above, 
iuld  have  a  height  of  about  5  to  6  feet  above  the  river  bed,  and 
weirs  would  require  about  65,000  cubic  yards  of  stone,  which, 
$5  per  cubic  yard,  will  cost  about  $325,000.  Contraction  works 
the  same  locality  will,  at  higher  cost,  produce  the  same  result, 
t  they  must,  as  previously  noted,  be  restricted  in  height  to  mean 


ge. 


26.  The  Chicago  diversion,  nor  any  from  the  lower  lakes,  wifi  have 
effect  upon  Lake  Superior. 

27.  The  plan  of  compensation  herein  proposed  has  the  advantage 
^simplicity  and  relative  economy.  Moreover,  the  submerged  weirs 


fiy  be  systematically  and  progressively  built,  so  as 
o  nervation  of  their  effect  and  such  changes  in  pla 


to  permit  close 


plan  as  experience 


?ned  during  construction  may  suggest.  On  the  other  hand,  the 
1  igara  RiVer  weirs,  so  long  as  they  exist,  would  certainly  interfere 
wth  the  navigation  of  the  main  channel  of  the  Niagara  River  and  at 
*<ne  future  time  might  thereby  interfere  with  the  deepening  of  the 
siinnel.  Present  navigation  would,  however,  be  sufficiently  served 
bi  the  new  lock  at  Black  Rock.  A  further  minor  criticism  of  the 
uposed  ^Niagara  River  weirs  is  that  they  do  not,  as  would  a  high 
Nr  close  to  Aiagara  Falls,  prevent  the  power  diversions  at  Niagara 
slightly  lowering  the  level  of  Lake  Erie;  but  the  weirs  are 
1  lgned  to  compensate  for  the  effects  of  diversions  from  Lake  Michi- 
gi  only.  The  consideration  of  compensation  for  the  effects  of  diver- 
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sions  from  the  Niagara  River  is  not  included  m  the  board’s  duties 
but  such  compensation  could  readily  be  provided  by  slight  modifies 

tion  of  the  weirs  proposed.  .  ,  ,  ,  • 

28.  Compensation  for  the  loss  of  elevation  on  Lakes  Michigai 

Huron,  and  Erie  and  connecting  waters,  due  to  an  assumed  diversio 
from  Lake  Michigan  of  10,000  second-feet  will  by  the  plan  aboi 
outlined,  involve  a  total  expenditure  of  at  least  $475,000,  to 
must  be  added  a  small  amount,  possibly  $15,000  annually,  for 
maintenance  of  the  remedial  works.  This  volume  of  10,000 
feet  per  second  has  been  assumed  merely  as  a  basis  for  computatioi 
The  cost  of  compensation  for  a  diversion  of  different  volume  may  1 
determined  in  the  same  manner.  The  cost  of  these  compensatic 
works  is  only  part  of  the  price  that  must  be  paid  because  of  ar 
diversion  from  Lake  Michigan,  and  it  is  believed  that  this  at  lea: 
should  be  paid  by  the  direct  beneficiary  of  the  diversion. 

C.  Keller, 

Major,  Corps  of  Engineers,  j 


LETTER  OF  MR.  FRANCIS  C.  SHENEIION. 

Minneapolis,  October  12,  1912. 

Board  of  engineers  on  Lakes  to  Gulj  Waterway.  ,  .  A 

Sms  1  On  behalf  of  the  Hydraulic  Power  Co.  of  Niagara  Falls,  I  have  placed 

SB  *3 

fT  T and  this  statement  of.  the  object  of  the  we 

be 

CTu  is  weUknown'  to  you  that  at  the  present  time  15,100  cubic  feet  per  set 
of  water  is  diverted  from  the  above  tire  —  Britl 

width  of  about  100  feet.  As  designed  it  will  require  about  42,000  yards 
'te5CrThe6rise  In' the  river*  du^to^tids^  compensating6  weir  will  be  approximately 


follows: 


Lake  Erie 
level. 

Volume  of  flow  in  square  feet. 

Rise  caused 
by  weir. 

River. 

Diversion. 

Over  weir. 

Feet. 

571.26 

572. 26 

573. 26 

574.26 

180.500 

202.500 

224.500 

246. 500 

19,500 

19,500 

19,500 

19,500 

161,000 

183,000 

205,000 

227,000 

Feet. 

0.62 
.58 
.55 
.52  I 

riKeTeffi  bo  ****£%- 

literature  does  not  contain  any  &rea  J?  P *  ^  govern  flowing  water.  1 

riwr  secUon ^ oVihe ^hne® onheVo'posed1^ weir L>  an  area  of  38,400  square  feet,  wl 


Not  printed. 
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rass  Island-Chippewa  Pool  is  at  elevation  562.32,  and  the  discharge  of  Lake  Erie 
r  its  corresponding  elevation  is  224,500  cubic  feet  per  second.  Of  this  19,500  cubic 
?t  is  taken  as  diverted  above  the  weir.  This  leaves  the  flow  over  the  weir  205,000 
bic  feet  per  second,  with  a  mean  velocity  of  5.34  feet  per  second.  When  the  sec- 
>n  of  the  river  is  reduced  to  27,200  square  feet  of  area  by  the  rock  weir,  the  mean 
locity  must  be  7.54  to  pass  the  flow.  In  order  to  speed  the  water  up  to  this  velocity, 
lead  of  0.43  foot  with  100  per  cent  efficiency  is  required.  As  some  wasted  effort 
ters,  the  efficiency  of  the  velocity  head  is  taken  at  80  per  cent,  and  the  river  rise 
ist  then  be  0.54  foot,  or,  in  view  of  some  uncertainties,  6  inches  roundly. 

7.  This  operation  may  be  expressed  by  the  following  equation: 


In  this  equation — 

1  is  the  river  rise  created,  in  feet. 

is  the  discharge  over  the  weir,  in  cubic  feet  per  second. 

V  is  the  natural  cross-sectional  area  of  the  river,  in  square  feet. 

*  is  the  river  section,  with  the  weir  constructed,  in  square  feet. 

;  is  the  acceleration  of  gravitation,  32.2. 

:  is  a  coefficient  of  flow,  taken  here  as  0.80. 

.  It  should  be  stated  that  it  is  not  necessary  to  build  any  more  of  this  compensat¬ 
in'  than  will  give  the  desired  change  or  rise  in  the  water  level.  As  the  con- 
iction  progresses  water  gauges  at  Buffalo,  at  Chippewa,  at  Suspension  Bridge,  and 
the  Whirlpool  will  measure  accurately  the  effect  produced.  When  enough  rise 
ecured,  the  construction  may  be  stopped.  Should  the  weir  as  designed  be  insuf- 
;ent,  some  small  addition  will  bring  the  rise  to  the  proper  amount.  For  this  reason 
I  proposition  does  not  rest  on  any  involved  mathematical  deductions. 

•  It  should  be  stated  that  the  rise  in  river  elevations  due  to  this  submerged  rock 
r  will  have  its  maximum  value  of  about  6  inches  just  above  its  crest,  and  that  the 

m  Lake  Erie  will  be  about  1  inch.  Between  these  two  points  the  rise  in  river 
ri  will  vary  somewhat  as  the  distance  upstream  above  the  weir. 

).  Tibs  submerged  rock  weir  is  suggested  to  the  Board  of  Engineers  as  an  engineer- 
proposition  which  will  be  beneficial  to  the  navigation  of  the  river  and  as  tending 
•ompensate  more  than  twice  the  effect  which  could  possibly  be  attributable  to 
diversions  present  or  anticipated  of  this  particular  company.  It  is  known  to 
board  that  the  authorized  diversion  of  this  company  is  6,500  cubic  feet  per  sec- 
,  and  that  the  actual  diversion  is  slightly  less  than  this.  The  original  recommen- 
on  of  the  American  section  of  the  International  Waterways  Commission  for  the 
ntity  of  water  to  be  apportioned  to  this  company  was  9,500  cubic  feet  per  second, 
was  based  on  the  commission’s  interpretation  of  the  charter  rights  of  this  com- 
y  from  the  State  of  New  York.  Their  canal  has  a  capacity  for  this  flow.  Should 
Government  issue  a  permit  to  the  Hydraulic  Power  Co.  to  divert  this  additional 
0  cubic  feet  per  second,  it  might  attach  as  a  condition  thereto  that  the  company 
ild  contribute  toward  the  expense  of  the  proposed  submerged  weir.  It  is  under- 
d  that  the  jurisdiction  of  this  board  does  not  touch  the  question  of  additional 
;rsions  to  be  authorized.  It  does  seem  proper,  however,  to  state  the  condition 
er  which  the  company  might  be  called  upon  to  contribute  to  a  construction  which 
compensate  for  the  lower  river,  not  alone  their  desired  diversion,  9,500,  but  will 
•pensate  in  addition,  in  the  immediate  vicinity  of  Port  Day,  a  diversion  of  10  000 
He  feet  per  second  at  Chicago, 
respectfully  submitted. 

Francis  C.  Shenehon. 


LETTER  OF  MR.  FRANCIS  C.  SHENEHON. 

I  Minneapolis,  October  29,  1912. 

Ae  Board  of  Engineers  on  Lakes-to-Gulf  Waterway. 

ffis:  1.  In  addressing  you  upon  the  subject  of  the  regulation  of  Lake  Erie,  I  wish 
tpmss  my  feeling  of  personal  humiliation  that,  after  so  many  years  of  investiga- 
)  of  all  the  hydraulic  elements  involved  in  making  Lake  Erie,  the  Detroit  River, 
i^Lake  St.  Clair  better  navigable  ways,  nothing  has  been  accomplished  up  to 
present  time  m  regulation.  The  low  water  on  the  Great  Lakes  of  1895-96  demon- 
•  ed  the  fatuity  of  letting  unrestricted  natural  conditions  produce  random  results, 
i  was  economically  most  harmful  to  the  carrying  trade  of  the  Great  Lakes. 
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9  Aq  9  result  of  the  low  water  of  1895-96,  the  Angell-Cqoley-Russell  Commissio] 
recommended  the  appointment  of  a  board  of  engineers  to  investigate  the  subject  c 

JegSon,  in  connection  with  the  larger  subject  of  wat, ^^vmond^Alfred  Nobh 
1  It,  +i ’p  renort  of  the  resulting  board,  consisting  of  Col.  Raymond,  Allred  inodu 
3  In  the  repc »  .  regulation  of  Lake  Erie  was  specifically  recommendec 

LlKSSne  of  regulation  to  maintain  Lake  Erie  at  a  level  probably  too  hig 

head  rf tWvtf “andwl^iers  closl  &tion  of  tb 

^Mdf^lSelTto^ebroughtahout.  In  addition  the  expense  ot  building  th 

re4U'The^prese^tTnternational  wTterways'^lnSssioih  so  far  asLaylelearned  froi 

rt^  th? functions  of  this commission  solar  as  international  boundary  streams  a, 

wlthfeeftBriS  b  UnlSsTom  ^ LnomblVbo^TshouldTnd  tlJ  regulationof  Lai 
Erie  a  prop®  sullect^ ^or  repkt,  this  important  matter  is  likely  to  be  relegated  to 

TmTowu  inve^tTons'and  studies  of  the  hydraulics  of  the  Niagara 

in  1398^  have  convinced  me  that  a  considerable  betterment  of  the  level  of  Lake  Er 

S  the  Detroit  River  and  Lake  St.  Clair  is  entirely  feasible  at  a  reasonable  expenc 

mmMmmss 

msmmSSm 

aesthetic  value  of  a  spectacle  internationally  m  trust  must  recede  me  g 
consideration  a  scheme  for  the  regulation  of  Lake  Erie  it  is  believed  tl!f 

the  method  used  will  be  helpful  to  the  three  things  involved-navigation,  wa. 

P08Wn  ZV^enaaEdfoTthe  method  of  regulation  used  that  while  it  does  not  aj 

SS»*pSpi: 
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iationai  Bridge  crossing  the  river  a  little  further  below  has  clear  openings  of  from 
87  feet  to  235.8  feet.  The  clear  openings  for  the  regulating  works  prop;  sed  by  me 
re  greater  than  any  opening  of  the  International  Bridge.  The  pian  proposed  is 
hown  in  sheet  1  appended  to  this  report. 

12.  The  regulating  works  are  designed  to  lessen  the  river  flow  at  any  time  by  about 
0,000  cubic  feet  per  second.  Should  the  gates  remain  permanently  closed,  this 
Tould  result  in  raising  Lake  Erie  a  little  less  than  a  foot  and  a  half.  It  is  purposed, 
owever.  to  operate  the  gates  so  that  the  flow  is  intermittent.  That  is,  the  gates 
i  uring  the  open  season  will  perhaps  be  wide  open  during  certain  of  the  daviight 
l, ours  and  closed  during  the  night  hours.  The  effect  of  this  will  be  to  create  ‘night 
[observation  for  larger  daylight  flow.  The  resulting  effect  on  Lake  Erie  will,  as  before 
ated,  be  perhaps  a  betterment  in  level  of  1  foot.  It  should  be  stated,  however,  that 
■re  betterment  of  level  would  consist  in  the  avoidance  of  levels  below  573  rather  than 
l  i  any  attempt  to  keep  the  lake  at  high  lake  levels. 

|  13.  The  conditions  leading  to  the  intermittent  regulation  of  the  flow  of  the  Niagara 
iver  are  developed  fr  m  the  following  conditions  of  the  three  uses  of  the  water  of 
ake  Erie  and  the  Niagara  River.  Only  one  use,  that  for  power,  needs  to  go  on  con- 
K  .  bp V and  every  day  in  the  year.  Navigation  has  a  duration  of 

months  out  ot  12 .  Scenic  grandeur,  so  far  as  it  depends  on  great  volume  of  flow,  may 
?  limited  to  the  six  months,  May  to  October,  inclusive,  and  to  the  daylight  hours  of 
Lose  months.  As  pointed  out  in  my  report  on  the  preservation  of ‘Niagara  Falls 
!.  Doc.  No.  105,  62d  Cong..  1st  sess.)  during  the  winter  months  volume  of  flow  is 
i  nominated,  because  ice  and  frost  effects  add  new  scenic  beauty,  and  because  visi- 
rs  are  few_;  perhaps  a  tenth  of  all  visitors  ccming  in  the  months  November  to  April. 

14.  Notwithstanding  the  closing  in  of  the  night  or  the  absence  of  seeing  eyes,  the 
lendid  barbaric  prodigality  of  nature  maintains  the  seaward  rush  of  the  waters, 
.st  a  little  lessening  comes  in  the  midwinter  months,  when  ice  affects  a  slight  restraint, 
iring  the  night  hours  a  chance  is  presented  to  lessen  the  prodigal  waste  and  to  store 
)  water  to  maintain  in  the  daylight  spectacle  much  of  its  natural  grandeur. 

15.  Taking  200.000  cubic  second-feet  as  the  mean  river  flow,  after  deducting  all 
Make  diversions,  and  572.2  as  the  corresponding  Lake  Erie  elevation,  suppose  by 
oper  controlling  works  at  the  head  of  the  Niagara  River  the  flow  is  increased  to 
0,000  cubic  second-feet  during  8  hours  each  day  and  reduced  to  190.000  feet  for 
hours.  Exactly  the  same  amount  of  water  is  discharged  from  Lake  Erie  in  the 
hours,  and  no  effect  whatever  appears  on  Lake  Ontario.  To  accomplish  this  large 
crease  of  daylight  discharge  Lake  Erie  must  be  as  high  as  elevation  573.1.  and  the 
latrollmg  works  must  be  designed  to  shut  off  30,000  cubic  second-feet,  or  15  per  cent 

e  Tentative  figures  indicate  that  a  section  of  controlling  gates  from 

i ict0w? 0  teet  m.lenefh  will  suffice  to  accomplish  the  change  in  flow  desired. 

16.  the  eA olution  of  this  simple  method  of  nighttime  storage  is  interesting. 

76  of  my  report  on  the  Preservation  of  Niagara  Falls  Is  the  following: 

K  *ke  rails  are  operative  only  as  a  scenic  spectacle  during  the  daylight  hours. 

F  ien  the  night  shuts  in  partial  depletion  would  not  be  scenically  injurious.  Such 
]rmits  issue  for  half  the  flow  of  the  river  from  sunset  to  sunrise,  or  for  12  or  16  hours 
<9r\  day .  a  tremendous  power  would  become  available  that  would  furnish  its  own 
f ~L  factories  might  work  by  night  instead  of  bv  day.  The  temporary  lowering 

(.the  river  would  immediately  readjust  itself  when  the  sunrise  shutdown  came.  The 
lerterence  with  night  navigation  on  the  river  would  not  be  prohibitive  in  view  of 
V  bene.fats  to  be  conferred  in  cheap  power  and  light.  The  use  of  the  night  power  at 
-agara  implies  regulation  of  Lake  Erie’s  outflow.” 

flaj.  Charles  Keller,  of  the  Corps  of  Engineers,  in  commenting  on  mv  suggestion 
stes  (p.  16,  S.  Doc.  105):  J  && 

As  compensation  for  the  restrictions  necessarily  imposed,  the  suggestion  *  *  * 
tit  the  power  companies  be  permitted  to  use  half  the  flow  of  the  river  between  sunset 
•p  sunrise  is  worthy  of  consideration.  Manv  factories  now  run  at  night,  and  if  the 
e  tor  power  used  between  sunset  and  sunrise  were  made  appreciably  lower  than 
■  rate  ruling  during  daylight  hours,  the  amount  of  night  use  would  probably  increase. 

‘  urttier  development  of  the  storage  battery  might  even  render  it  commercially  pos- 
B  ?  t0  yse  m  tbe  daytime  the  surplus  power  of  the  larger  volume  of  night  diversion, 
fk  enfar&ed  use  of  water  at  night,  unless  compensated,  would  result  in  a  lowering 
ie  level  ot  Lake  Erie.  The  necessary  compensation  works  should,  of  course,  be 
-ted  at  the  expense  of  the  beneficiaries — the  power  companies.” 

Ur  S^-aFe  battery  mentioned  has  its  counterpart  in  the  proposed  storage  of  water 
•  axe  Erie,  for  the  purpose  of  making  nrapti  tLp  ntiii'7QtiAn  At  tt-o to., 


iitol  -J-,  •  -  ~  ~  t  xju  me  i-iiupustu  sLuragt:  ui  water 

ii  t  *or  -e  PurPose  making  practicable  the  utilization  of  water  aecord- 

«  0  e,  .r<?a^y  w,4b  Great  Britain,  without  diminishing  too  greatly  the  volume  of 
Ch  lhe  scenic  grandeur  largely  depends.  Instead  of  electric  potential  in 
cattery,  the  storage  of  water  gives  hydraulic  potential. 
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17.  As  to  the  regulation  of  Lake 

The 'flow  should  be  unrestricted  during  the  months  of  January 

.  *  ”*  «f”f»  »“  «-«•••  -  » 

sive,  siom  c  vy  »  wo^ld  be  the  normal  condition.  .  ,  ,  , 

b^^No  detailed' analysis  <tf  the  effect  to  be  produced  « 

It  should  be  understood  however,  that  the  . initoa  P  8Xhe  holdu 

annual  mean  elevation  of  shod  •  December  will  raise  Erie  0.3  feet  an 

of  10,000  cubic  second-feet  m  November  aod  Decembe^  ^  ^ 

IS  changes.  In  periods  of  scant  supply,  as  in  1895-96,  an  adjustment  betwet 
Erie  and  Ontario  would  need  to  be  made.  F  •  ,  lpvpl  bv  10  inches  may  li 

19.  As  regards  Michigan- I^ron,  a  Imttennentjh^Erie^ g  ££«*  or  mor 

these  lakes  3  inches.  Lake  St.  (  a  betterment  of  conditions  for  the  pow 

20.  The  results  to  be  obtained  will  be  a  betterment  comi 

companies,  because  the  greater  m  Nighttime  storage  will  return  to  the  daylig: 

^“rtM^fer  e^aUo 

Srr^S»^on  in  Lake  Erie  and  ^^*2^ 


Appendix  B. 


THE  INFLUENCE  ON  VOLUME  AND  HEIGHT  OF  WATERS  IN  THE  MISS1 

SIPPI  RIVER  RELOW  CAIRO. 


New  York,  August  13,  1913. 

Brig.  Gen.  William  H.  Bixby, 

President,  Lakes  to  Gulf  Waterway  Board.  , 

Sir-  I  have  the  honor  to  submit  the  following  report  upon  the  1 
fluence  on  volume  and  height  of  waters  in  the  Mississippi  Bi\  er  belt 
S“y"~»  of  .oy  <liv°o~on  o,  water  from  Lake  M.clog.o  for  . 

"  CfnZene.  i„  folfm,  of  an,  diyer.ion  from  Lake 
he  an  increase  in  discharge  approximately  equal  to  the  amount 
the  diversion  since  the  losses  due  to  evaporation  and  other  causes  v 
not  be  larfe.  At  ordinary  low  water  the  percentage  of  increase  mt 
volume  of  discharge  due  to  the  present  authorized  diversion  will 
from  about^ ifper  cent  at  Cairo  to  U  per  cent  at  New  Orleans  a 
at  extreme  high  water  will  be  less  than  one -fourth  of  1  per  cent  fr< 

C  ELepttrctteSn^vokme  results  in  increases  of  gauge  hei, 
or  of  depth  of  water  available  for  purposes  of  navigation,  it  will  b 
no  importance  within  any  limits  of  diversion  heretofore  considered 

PeThe8eSt  of  any  diversion  upon  gauge  ^ht^lalwaj^b^sm 
and  at  the  highest  stages  practically  nothing,  but  the  exact  e.  f 
“  ZA  A  at  any  stage  is  impossible  to  determine,  since  this  el 
will  be  complicated  or  obscured  by  various  other  changes  in 

reinTxtendhedTerLs  of  discharge  observations .  of  the  Mississi 
River  was  taken  under  the  direction  of  the  Mississippi  River 
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SURFACE^  LEVE_LS_  OF  JL_AKE_ AUP_E_RIOR.at  _m.«r_q.ue_ttej  Mich. 

W.  H  BIX  BY,  Chief  of  Engineers.  Washington,  D.C.,  November  1911 
upon  Records  of  the  U.S  Loke  Survey  and  other  U.  S.  Engineer  Office 


Under  direction  of  Brigadier  General  w.  H  BIX  BY,  Chief 
. 1  Office  of  U.S  Loke  Survey  Based 
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dssion  from  1879  to  1885,  at  Columbus,  Ky.,  below  the  mouth  of  the 
hio  River;  at  Helena,  Ark.,  below  the  mouth  of  the  St.  Francis 
iver;  at  Arkansas  City,  Ark.,  Wilsons  Point,  Miss.,  and  Hays  Land- 
g,  below  the  mouths  of  the  White  and  Arkansas  Rivers;  at  War- 
nton,  Miss.,  below  the  mouth  of  the  Yazoo  River;  at  Red  River 
anding  and  at  Carrollton,  La.  Mean  discharge  curves  have  been 
irived  from  these  observations,  and  extended  and  checked  by 
mierous  observations  made  at  later  dates. 

There  is  inclosed  herewith  a  drawing  containing  a  set  of  standard 
Tves  showing  the  mean  or  average  relation  between  discharges  and 
nge  heights  at  Columbus,  Ky.,  Helena,  Ark.,  Vicksburg  (and 
arrenton),  Miss.,  and  Red  River  Landing,  the  curves  of  relation 
r  a  rising  river  being  flatter  and  for  a  falling  river  steeper  than 
ese  standard  curves.  On  the  same  drawing  and  at  the  left  of  the 
responding  standard  curves  is  also  given  a  second  set  of  curves 
owing  in  tenths  of  a  foot  the  theoretical  increase  in  gauge  heights 
any  stage  due  to  an  increase  in  discharge  of  10,000  cubic  feet  per 
3ond,  the  second  set  being  deduced  from  the  first  set  by  assuming 
at  the  increase  in  gauge  heights  due  to  this  increase  in  discharge 
11  be  at  the  rate  indicated  by  these  standard  curves.  From  these 
o  sets  of  curves  some  idea  can  be  had  as  to  the  increase  in  gauge 
ight  at  any  stage  of  the  river  which  would  result  from  any  diver- 
n  from  Lake  Michigan.  However,  the  idea  can  be  approximate 
ly,  for  the  increase  in  gauge  heights  due  to  a  permanent  increase 
i discharge  would  be  more  nearly  indicated  by  the  curve  of  relation 
•  a  rising  river;  and  as  this  is  flatter  than  the  standard  curve, the 
lAial  increase  would  probably  be  less  than  indicated  by  the  curves 
bwn.  Moreover,  if  the  flow  of  the  river  at  Cairo  be  permanently 
ireased  by  diversion,  any  resulting  increase  in  gauge  height  would 
ing  about  increased  velocity  due  to  the  increase  in  slope,  and  the 
jdjustment  of  conditions  which  would  follow  would  tend  to  make 
i>  final  increase  in  gauge  height  due  to  the  diversion  less  than  that 
ihiced  from  the  standard  curve  shown.  Assuming  that  increase 
gauge  height  will  not  be  accompanied  by  changes  in  cross  section 
river  or  that  its  effect  will  not  be  otherwise  obscured,  the  diagram 
licates  that  at  all  four  places  considered  it  would  require  an 
irease  in  discharge  considerably  exceeding  10,000  cubic  feet  per 
lond  to  increase  the  gauge  heights  by  1  foot  even  at  the  lowest 
iges  of  the  river.  Under  similar  assumptions,  at  stages  corre- 
|>ndmg  to  4b  feet  at  Columbus,  the  curves  indicate  that  it  would 
juire  an  increase  of  over  50,000  cubic  feet  per  second  to  increase 
‘  gauge  height  1  foot  at  Columbus,  Helena,  and  Red  River  Landing, 
Over  5,000  cubic  feet  per  second  to  affect  the  gauge  one-tenth  of  a 
-t.  At  higher  stages  the  effect  would  be  even  less,  and  it  is  evident 
tt  on  extreme  flood  heights  the  effect  of  any  permissible  diversion 
rild  be  trifling  and  would  have  no  important  bearing  upon  the 
( d  S  ^6VeeS  °r  °^er  W0I*hs  designed  to  afford  protection  against 

he  increase  of  navigable  depths  at  lower  stages  due  to  any  diver- 
a  would  be  less  than  indicated  by  the  theoretical  increase  in  gauge 
ght,  for  elevation  of  the  surface  of  the  river  has  been  found  to  be 
(ompanied  by  a  corresponding,  though  smaller,  elevation  of  its 
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In  the  Report  of  the  Board  of  Engineers  on  Survey  of  Mississipp 
River  from  St.  Louis,  Mo.,  to  its  mouth,  published  in  House  Documen 
No.  50,  Sixty-first  Congress,  first  session,  page  44,  it  is  stated  asioilom 


Repeated  measurements  (see  graphical  plot  hereto  appended)  on  the  bai  crmsm; 
of  th^ Mississippi  between  St.  Louis  and  Cabo  show  that  up  to  a  stage  of  about  20fe< 
above  low  water  the  available  depth  across  the  new  bar  is  increased  on  an  avem 
onlv  about  one-half  foot  for  every  foot  in  the  rise  of  water.  (Between  Cairo  and  R( 
River  similar  measurements  show  even  less  inciease  m  navigable  depth  per  foot 

rise  of  water  smface.) 


O  A  VV  ^  •  / 

Due  to  the  permanent  character  of  the  diversion,  the  above  rat) 
of  elevations  of  water  surface  and  river  bed  would  not  hold,  and  an 
permanent  increase  in  gauge  height  would  he  less  than  that  indicate 
Ey  the  standard  curve,  and  would  represent  a  change  in  the  regr 
of  the  river  which  would  be  accompanied  by  a  rise  of  the  nv  be 
practically  equal  to  such  increase.  In  any  case,  the  gain  m  navigab: 
depth  would  be  insignificant  for  any  permissible  diversion.  jjj 

Very  respectfully,  j  B  CavanauGh,  1 

Major ,  Corps  of  Engineers. 
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St.  Louis,  Mo.,  August  13, 1913. 

From:  Col.  C.  McD.  Townsend,  Corps  of  Engineers 

To:  Brig.  Gen.  W.  H.  Bixby,  U.  S.  Army,  retired,  President,  Lai 

to  Gulf  Waterway  Board.  .  ,  , 

Subject:  Effect  upon  the  climate  of  the  Lake  States  by  a  change 

the  natural  currents  of  Lake  Michigan. 

The  following  report  is  submitted  upon  certain  observations  ma 
under  the  direction  of  the  board,  to  determine  the  effect  upon  t 
climate  of  the  Lake  States  by  a  change  m  the  natural  current 

LaWhheCvariations  in  the  levels  of  the  Great  Lakes  have  been ■ carefu 
studied  for  a  long  period  on  account  of  their  influence  on  the  dep. 
of  harbors  and  connecting  waters,  it  is  only  during  recent  yearsL 
data  have  been  collected  relating  to  their  temperature  and  cu  e 
The  information  thus  obtained  is  not  only  incomplete,  but  the  cc 

off  Harbor  Beach,  in  Lake  Erie  off  Long  Point-  m  the  Straits 
Mackinac  and  in  the  Detroit  River.  Through  the  courtesy  of 
Light  House  Bureau,  the  temperature  of  the  surface  water  and 
and  the  direction  of  the  currents  m  Lake  Michigan  were  obs 
daily  during  the  summer  months  of  1911  at  the  lighthouses  at 
Eago  Milwaukee,  Grand  Haven,  White  Shoal,  and  m  Lake  Hu 
at  Spectacle  Reef,  Harbor  Beach,  and  the  lightships  or i  Poe if 
and  off  Fort  Gratiot.  Daily  observations  were  made  of  the  su 
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imperatures  of  the  Chicago  and  St.  Marys  Rivers  and  the  Straits 
f  Mackinac  while  work  was  in  progress  on  the  breakwater  at 
[ackinac  Island.  The  results  obtained  at  these  various  stations 
re  appended.  A  continuous  series  of  lake  levels  at  Chicago  Mil- 
aukee,  Mackinac,  Harbor  Beach,  and  Fort  Gratiot  covering  the 
ime  period  have  been  obtained  from  the  office  of  the  Lake  Survey 
id  observations  of  levels  at  Grand  Haven  taken  three  times  a  day 
irmg  the  months  of  June,  July,  and  August,  have  been  furnished 
f  the  United  States  Engineer  Office  at  Grand  Rapids.  The  results 
these  observations  are  shown  graphically  on  plates  1,  2,  3,  and  4. 
u.rmf/ulT  and  August  the  steamer  Hancock  circumnavigated  Lakes 
ne,  Huron,  and  Michigan.,  and  took  observations  of  surface  tem- 
ratures  at  intervals  of  one  hour.  From  the  log  of  the  vessel  its 
>urse  has  been  plotted  on  plate  5  with  the  temperatures  observed, 
lie  results  of  the  obseivations  for  Lake  Michigan  are  summarized 
the  appended  tables. 

In  addition  to  the  observations  taken  by  the  direction  of  the 
ard  there  are  available  for  the  investigation  a  series  of  observa- 
»ns  of  surface  temperatures  made  by  the  office  of  the  Lake  Survev 
tnng  the  years  1904,  1905,  1906,  1907,  and  1908.  A  summarv  of 
3  monthly  means  derived  therefrom  is  appended. 

The  tenriperatures  at  different  bottom  depths  in  Lake  Superior 
ve  also  been  recorded  and  indicate  that  below  100  feet  the  tem- 
rature  of  Lake  Superior  was  uniformly  39°  F.  during  the  years 

3erVied'i.0n  a  number  of  vessels  the  temperature  of  theUeed 
ter  has  been  taken  during  their  regular  trips  around  the  Lakes  but 
ise  observations  were  made  during  different  months  and  at  di’ffer- 
lJ  depths,  dependent  on  whether  the  vessel  was  light  or  loaded  and 
•  somewhat  difficult  to  analyze. 

rhe  Weather  Bureau  in  1892-93  and  1894  made  a  series  of  observa- 
'as  on  surface  currents  of  the  Lakes  by  dropping  from  vessels  at 
'tarn  localities  sealed  bottles  and  noting  the  places  at  which  they 
re  recovered.  These  two  known  points  were  connected  by  curved 
is  assumed  as  the  paths  of  the  floats.  By  repeating  the  observa- 
Lis  a  sufficient  number  of  times,  it  was  expected  that  errors  would 
eliminated  and  the  law  governing  the  flow  of  the  water  discovered. 

ese  means  a  surface  current  in  Lake  Michigan  during  the 
iimer  months  was  deduced  as  shown  in  plate  6 

luring  the  fall  of  1909  and  1910  Mr.  Fred  J.  Meno,  United  States 
pector  of  hulls  at  Detroit,  Mich.,  made  a  similar  set  of  observations 
&  floats  thrown  from  vessels.  He  also  kept  a  record  of  the  intensity 
direction  of  the  wind  while  the  floats  were  in  the  water.  The 
jilts  ot  his  observations  are  shown  on  plate  5.  His  deductions  are 
t  tfle  floats  moved  in  a  general  direction  corresponding  to  the 
i  day 1  0t  ^  Van0US  winds  and  at  an  average  rate  of  6.2  rpiles 

lie  United  States  engineer  office  at  Milwaukee  has  from  time  to 
e  determined  the  littoral  currents  of  Lake  Michigan  off  the  harbors 
nat  district.  These  observations  indicate  that  on  the  Wisconsin 
re  a  northerly  wind  is  accompanied  by  a  southerly  littoral  surface 
r,  and  with  a  southerly  wind  the  tendency  is  to  reverse  the  flow. 
Kacme  a  tendency  to  an  offshore  current  from  westerly  winds 

depths' of  io  fBytsubsurface  floats  the  littoral  current  was  observed 
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i  s„t  0f  observations  made,  by  the  Grand  Rapids  engineer  offic 

during  the  summer  of  1897  demonstrated  that  the  littoral  currents  o: 

the  Michigan  shore  varied  with  the  winds,  but  at  Lading  on - 

Frankfort8  due  to  the  projecting  points  north  and  south  of 

localities  a  nerce/ptihle  eddy  action  was  o c served .  , 

As  it  has  be®  asserted  that  the  movement  of  sand  along  the  sho 

of  Lake  Michigan  was  indicative  that  there  were  pronounced  curren 

t  The  lake  this  subject  was  investigated,  the  piers  constructed  £ 

the  various  harbors  affording  a  means  of  determining  the  accurac 

of  the  statement  An  examination  of  the  accumulation  of  san 

aLinst  the  p“em  extending  into  the  lake  shows  that  whi  e  there  is 

movement  of  sand  in  both  directions,  the  greatest  drift  of  san 

T  found  to  the  north  of  the  harbors  at  the  southerly  end  of  tl 

hike  on  both  the  Wisconsin  and  Michigan  shores  This  action  is  n 

„  oCrly  m.*.d  ,t  th.  norttara  h,rb.r.  tot  tto  »  J  JJ«« 

rlrift  from  the  south  m  several  instances,  the  influence  or  iai^e 

noints  lSe  Point  Au  Sable  and  Point  Betsie  is  also  shown  in  tl 
points  liKe  romt  ears  probable  that  the  movement 

neighboring  harbors  It  PP  ?  action  rather  than  curren 
ttot  fl,l  "n“  moving  in  .  .outk.rly  direction  m  t 

caused  by  gales  from  a  northerly  direction  than  by  tnose  mow 

^The  conclusions 'from  these  investigations  may  be  summarized 
follows : 

TEMPERATURE . 

tuSs  "of gMUheT a£s  F^nTthen  grSualfyle 

fmax^m  Tn  July  and  August  which  varies  from  year  to  ye 

ThFimtaBvUtheS  latitude  of  the  station.  In  Lake  Michigan, 
Chicago,  the  maximum  monthly  mean  dnrmg  the  pence Uf  obser 

SgMVS  Nol  /;•  at1  Poe  Lights! 

63Se°cInd  By  the  depth  of  water  in  the  vicinity,  being  cooler  as  i 
depth  increases.  The  observations  of  the  ^  ToS^was81^  4° 
the  maximum  monthly  rijn  jjake  Huron,  at  Char 

at  Horse  Shoe  Reef  off  Buffalo,  73A  ^ Intake  Hu  ^ 

Gratiot,  72g5°  F.  In  Lake  Michigan,  Eleven  Foot  Shoal,  nort 

ST.  rnmnUlriy  “mjmni,  ?«  V”STf°'  ““  ” 
It  Grand  Haven  was  57.3°  F.  and  at  Milwaukee  62.9  ^  varia 

At  any  given  locality  in  summer  wii 

changes  as  great  as  10  be  g  i  there  is  a  mar 

SrStSiSj  =^elSth^  pSaS 
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dy  noticeable  in  the  log  of  the  steamer  Hancock  for  August  21,  22. 
d  23.  In  the  afternoon  of  August  21,  before  entering  harbor  of 
Tice  Mines,  with  the  wind  from  the  southeast,  the  surface  tempera¬ 
te  of  the  water  in  the  north  channel  was  64°  F.  In  the  morning 
leaving  the  harbor  a  temperature  of  53°  was  observed,  the  wind 
m  blowing  from  the  northwest.  As  the  vessel  crossed  the  channel 
d  approached  Cockburn  Island  the  water  gradually  acquired  a 
nperature  of  64°.  After  passing  through  Mississauga  Straits  it 
Idenly  fell  to  55°,  and  then  gradually  rose  to  65°  off  Southampton 
I  the  Canadian  shore  of  Lake  Huron." 

The  mean  surface  temperature  of  the  water  flowing  through  the 
aits  of  Mackinac  was  slightly  less  than  at  the  nearest  lighthouses 
^ake  Michigan  and  Lake  Huron,  being  during  the  period  of  observa- 
is  at  that  locality  59.5°  at  White  Shoal  Light,  58.6°  at  Mackinac 
and,  and  62.1 c  at  Poe  Reef  Light.  The  mean  temperature  of  the 
icago  River  during  the  period  of  the  observations  averaged  6°  less 
n  the  surface  temperatures  of  the  lake  at  the  entrance  to  the  river 
p  surface  temperature  of  the  water  of  St.  Marvs  River  increased 
ian  average  2C  during  its  passage  from  Sault  Ste.  Marie  to  Sailors 
bampment,  a  distance  of  18  miles,  and  at  that  locality  was  about 
warmer  than  the  surface  waters  at  Spectacle  Reef,  Lake  Huron, 
n  Lake  Supeiior  at  great  depths  the  temperature  appears  to 
tarn  at  39°  F.  the  entire  year.  In  Lakes  Michigan  and  Huron  at 
ths  greater  than  100  feet  it  remains  below  50°  during  the  warmest 
iths.  In  the  rivers  forming  the  outlets  to  the  lakes,  due  to  the 
aid  current  and  consequent  mixing  of  the  waters,  the  observations 
|)eiroit  show  that  there  is  little  difference  in  temperature  between 

fvater  flowing  on  the  surface  and  at  the  bottom.  In  the  Straits 
ackinac  at  a  depth  of  100  feet  the  water  was  about  10°  warmer 
at  corresponding  depths  in  Lakes  Michigan  and  Fluron. 

.  the  time  the  observations  were  made  the  temperature  of  the  air 
v armest  at  Milwaukee  and  coldest  at  White  Shoal  Light,  the 
page  air  temperature  at  Milwaukee  being  1°  warmer  than  at 
hago,  3.4°  than  at  Grand  Haven,  and  10.2°  than  at  White  Shoal 

a  m  *S  ^'°  no^e<^  that  White  Shoal  Light  is  at  a  con- 

lirable  distance  from  land,  so  that  its  air  temperatures  are  affected 
rake  influences  whatever  the  direction  of  the  wind. 

WINDS. 

'  noticeable  characteristic  of  the  winds  is  their  extreme 

lability  both  in  force  and  direction  during  the  period  of  the  ob- 
latmns  There  is,  however,  a  decidedly  easterly  component  to  the 
wl  at  Milwaukee  and  Chicago,  and  a  westerly  component  at  Grand 
aen  and  White  Shoal  Light.  This  is  particularly  apparent  when  the 
Hi  is  light,  though  some  diversion  is  observed  even  in  strong  winds 
his  due  to  the  influence  of  the  lake  on  the  air  passing  over  it.  The 
fcjrvations  were  taken  at  noon  when  the  sun’s  ravs  are  producinG" 
n  ^xiinum  effect.  The  soil  having  much  less  capacity  to  absorb 
<  than  the  water,  the  air  over  the  land  becomes  warmer  and  lighter 
j  the  an  over  the  lake  and  there  is  a  current  from  the  latter  to  the 
[ er  to  restore  the  equilibrium.  After  sunset  in  the  summer  a 
un  now  from  the  land  is  observed. 

nept  at  Milwaukee  a  greater  southern  component  to  the  winds 
n observed  than  northern. 
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LAKE  'LEVELS. 


The  rapid  changes  which  occur  at  a  given  locality  m  the  level I  of  t 
lake  are  shown  in  the  diagrams  of  lake,  levels  appended  The  el 
nervations  were  so  taken  as  to  eliminate  wave  action,  but  tn  y 
show  a  continuous  fluctuation  in  level,  and  constant  change  ri 
nlace  to  place  of  the  point  of  highest  or  lowest  elevation.  A 
parison  of  lake  levels  with  lake  temperatures  shows  that  during! 
months  of  June,  July,  and  August,  at  Chicago,  Milwaukee,  and  Gra 
Rapids  the  10-day  period  of  the  month  that  the  lake  has  the  high 
level  corresponds  with  the  period  when  the  surface  temperature  is 
greatest  During  September  this  condition  is  not  so  apparent, 
romparison  of  thf  temperatures  at  White  Shoal  Light  with  the  near 
automatic  gauge  at  Mackinac  shows  a  directly  opposite  tenden 
The  warmeft  temperature  at  White  Shoal  Light  during  any  sumi 
month  corresponds  to  the  lowest  level  of  the  Mackinac  gauge.  Th 
stations  wMe  at  approximately  the  same  latitude  are  on  oppo; 

sides  of  the  lake. 

LAKE  CURRENTS. 


Rased  on  similar  data  the  Weather  Bureau  and  the  Steamhi 
Inspection  Service  have  advanced  diametrically  opposite  theone: 
the  movement  of  lake  waters.  According  to  one  theory,  during 
summer  months  there  is  a  more  or  less  clearly  defined  surface  cun 
in  Lake  Michigan  which  flows  in  a  southerly  direction  along  the  V 
conshfsCe  thence  curves  to  the  eastward  in  the  vicinity  of  Chic 
and  flows  northerly  along  the  Michigan  shore,  completmg  its  cm 
in  the  northerlv  end  of  the  lake  by  a  flow  to  the  west,  there  are 
certain  currents  branching  as  eddies  from  this  mam  current,  the  i) 
Zrked  o“  whkh  are  in  the  vicinity  of  Milwaukee  and  Beaver  Isl. 
According  to  the  other  theory,  the  surface  currents  move  in  steal 
lines  corresponding  to  the  resultants  of  the  various  winds  blov 

over  the  lake  at  the  time  of  observation. 

Both  theories  were  deduced  by  throwing  bottles  Irom  vessel 
known  localities  and  noting  the  places  they  were  recovered.  £ 
observations  have  the  fatal  defect  that  they  show  on^y  wo  I* 
in  the  path  of  the  float,  that  from  which  it  starts TLhreDMting 
found  The  Weather  Bureau  has  assumed  that  by  repeating 
observations  a  large  number  of  times  numerous  oth°rjomtsk,i 
curve  would  be  discovered,  but  this  will  only  be  true  wnen  tne  ' 
blowing  with  some  uniformity.  With  condRions  ^consta 


is  blowing  witn  some  uimumnuj.  ? 

changing  this  process  of  reasoning  merely  shows  the  facts  obse 
are ^  incompatible  with  the  theory  »dW Jh. i  tenth  o 
the  or  v  is  not  proved,  but  merely  its  plausibility,  II  som jt 
theory  more  satisfactorily  accounts  for  the  conditions  obsened 

whole  process  of  reasoning  is  destroyed.  Hronned 

The  Weather  Bureau  lays  some  stress  on  the  hot  ties  £ 

the  steamer  Atlanta  on  its  trips  from  Chicago  to  Grand  Have 

“„"d.  Vaiowing  »  •  « 
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the  direction  of  the  winds  at  Grand  Haven  during  the  time  the 
ts  were  in  the  water,  derived  from  the  records  of  the  Grand 
nds  United  States  engineer  office: 


JUNE,  1894. 


Date. 

Maximum 

force. 

Direction. 

20 

12 

SW. 

21 

18 

SW. 

22 

18 

SW. 

23 

16 

SW. 

24 

24 

SW. 

25 

18 

SW. 

26 

23 

SW. 

27 

12 

SW. 

28 

20 

SW. 

29 

14 

SW. 

30 

| 

12 

SW. 

JULY,  1894. 


1 

24 

SE. 

2 

20 

NW. 

3 

16 

NW. 

4 

24 

NW. 

5 

18 

SW. 

6 

25 

NW. 

7 

16 

NW. 

8 

18 

NW. 

9 

14 

SW. 

10 

17 

SW. 

1] 

20 

SW. 

12 

27 

SW. 

13 

21 

NW. 

14 

12 

W. 

15 

16 

SW. 

16 

16 

SW. 

17 

11 

NW. 

18 

12 

WNW. 

19 

18 

SW. 

20 

18 

N. 

xe  bottles  dropped  from  the  Atlanta  on  June  20  were,  therefore, 
sed  to  a  wind  blowing  constantly  from  the  southwest  for  10  davs! 
rchng  to  Mr.  Meno’s  theory  that  lake  currents  flow  in  the  direc- 
°f  ^e  the  ratc  of  about  6  miles  per  day  the  floats  would 

!  moved  to  the  vicinity  of  Grand  Haven  by  June  30.  The  first 
[discovered  on  June  29  and  the  last  Julv  16:  five  of  the  six 
m  a  few  miles  of  Grand  Haven.  The  three  bottles  thrown  over- 
i  .  .  ?fr  i  1  were  exposed  to  winds  with  a  south- 

pomponent  for  four  days  and  winds  with  a  northerly  component 
|x  days,  and  would  have  moved  in  a  westerly  direction  according 
e  same  theory,  and  would  have  landed,  as  they,  did  south  of  the 
jk  of  the  Kalamazoo  River.  Those  floated" on  June  24  were 
>sed  to  winds  with  a  .southerly  component  seven  times  and  north- 
jcomponent  three  times,  and  drifted  to  shore  between  Grand 
in  and  Saugatuck.  It  is  not  necessarv  to  assume  that  because 
>ottles  dropped  on  July  1  farther  north  than  those  of  June  20 
'found  farther  south  on  the  Michigan  shore,  they  all  moved  in 
llinear  paths.  The  change  in  the  direction  of  the  winds  between 
•*20  and  July  1  satisfactorilv  accounts  for  the  change  in  the  loca- 
-xf  the  stranding  of  the  floats. 

hiore  logical  and  satisfactory  method  of  determining  the  direction 
e  currents  of  the  lakes  is  by  simultaneously  observing  them  at 
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numerous  localities.  Observations  for  this  purpose  were  made  da 
during  the  months  of  July,  August^  and  September  1911,  off  Chica* 
Milwaukee,  Grand  Haven,  and  White  Shoal  Lighthous  . 

The  results  are  tabulated  in  Table  i.  .  ,  . 

These  observations  show  that  when  a  strong  wind  is  blowing 
direction  of  the  currents  at  all  localities  is  in  the  direction  of  the  wi 
When  however,  the  wind  diminishes  m  intensity  but  continues  in  1 

a  northerly  current  during  44  days,  a  southerly  during  32,  and 

°^For°  the^ currentebescrdied  by  the  Weather  Bureau  to.  obtain  r 
necessary  for  the  currents  at  Chicago  to  flow  m  an  opposite  direct 
from  those  at  Grand  Haven.  The  record  shows  50  days  in  which 
enrrents  coincided  in  direction  at  Chicago  and  Grand  Haven,  12  . d 
in  which  they  flowed  in  opposite  directions,  and  30  days  m  whic 
norther  v  or  southerly  current  at  one  locality  was  accompanied 
an  off  m  on  shore  current  at  the  other.  The.  observations  dem 
lira  ted  that  there  are  no  fixed  surface  currents  m  Lake  Michigan, 
that  tire ^  currents  change  in  direction  and  intensity  with  the  wi 

I!  rr  sr 

flow  of  water  along  the  lake  bottom.  Du  and  from  bot 

surface  flow  occurs  and  causes  a  more  or  less  complete  mixing 

W  when  a  current  of  air  passes  over  a  body  of  water  the  surfac 
thewvater  either  absorbs  heat  from  the  air  or  radiates  it  dependen 

the  relative  temperatures  of  tiie  two  medm.  I  ^ 

mrnmmm 

water" be  agitated  so  as  to  bring  fresh  particles  m  contact  as  u 
ease  whence  to  ^rodu 

in  contact  with  the  air,  but  the  ditterence  m  ei  whg( 

sides  of  the  basin  causes  an  upward  motion  c  an(j  C! 

p-o.tK'th"  rrxs  &»%*.  «.&  j J 

lake. 
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*ake  Michigan  has  an  area  of  over  22,000  sciuare  miles  Tt.s 
itest  length  is  307  miles,  its  width  118  miles,  and  maximum  depth 
leet,  so  that  it  exposes  an  enormous  water  surface  to  the  action 
nnds,  and  its  depth  gives  an  immense  volume  of  water  to  absorb 
adiate  heat.  It  is  also  connected  to  Lake  Huron,  which  also  has 
irea  exceeding  22,000  square  miles  and  a  maximum  depth  of  750 
,  by  a  broad  and  deep  channel  through  which  not  unfrequently 
e  is  a  flow  of  over  2,000,000  cubic  feet  per  second,  so  that  there 
be  no  material  diminution  of  the  volume  of  one  lake  without  a 
espondmg  reduction  in  that  of  the  other,  and  any  material  chanee 
imperature  m  one  lake  will  be  transmitted  to  the  other. 

S  t}f'|  lake,  surface  currents,  are  the  factors  which 

d  the  climate  of  the  Lake  States,  and  the  principal  effect  upon  the 
ate  which  would  result  from  the  diversion  of  water  through  the 
ago  Drainage  Canal  would  be  that  due  to  the  extent  that  it  dimin- 

rb  or  rnHib  h'  a5ea  ?f,rke  lake>  a?d  tbus  reduced  its  capacity  to 
rb  or  radiate  heat.  A  diversion  of  10,000  second-feet  will  reduce 

rel  of  a  lake  ^ kflgai\about  ^ches.  The  reduction  in  volume 
rea  ol  a  lake  8/0  feet  deep  and  having  an  area  exceeding  22  000 

tul  'Vure  ,UCtr  °f  le-ve»  6  inches  is  inappreciable.  ’ 

rilktS  w  °bsr'vat!"'s  wer.e  beinS  taken  the  winds  were 
m'  i  ’f  ,  intensity  and  direction  as  to  insure  an  intimate 
g  Ol  suriace  and  subsurface  waters,  yet  the  records  of  the 
thei  Bureau  show  that  occasionally,  particularly  in  the  sprint  and 
inre  are  prevailing  winds  of  considerable  constancy  of  direction, 
uch  winds  are  blowing  there  is  a  surface  current  of  correspond- 

-  nstancy,  not  south  on  one  shore  and  north  on  the  other  but 

SofZlrt' °f  the  1fke-  Such  ™ds  move  Sense 
[ "  fot, T  a,te.  *?r  distances  and,  except  when  nearing  the  shore 

ut  that  intimate  mingling  of  surface  and  subsurface  waters’ 
is  so  beneficial  to  the  climate.  This  action  is  illustrated  by  the 
ng  of  ice  fields  over  the  surface  of  the  lake  in  winter  and  the 
P.e  oold  which  locally  results  therefrom. 

ule  the  flow  through  the  Straits  of  Mackinac  is  very  variable 

,  wfndeCan°dnfltnL  amount’,  dependent  on  the  direction  and  force 

-  wind  and  at  times  equals  2,000,000  second-feet,  there  must  be 

? secondCfeertge  *A  1  Labi  Hb  °n  -frT  Lake  Michigan  of  about 
,!  bs°’  Thb  tbe,Vnds  cause  a  continual  oscilla- 

d  its  ouTw  Tlf  111  LaH  Michigan,  its  resultant  flow  must  be 
ktri  ',iTte  area  of,be  cross-section  of  the  lake  is  so 
5  ofahont  adfcbarge  would  cause  a  uniform  movement  of  its 
innn  ab°.ut  25  feet  Per  day,  or  1.6  miles  per  year.  A  discharge 

reduce^hk  1lPerrTd  tkr0U/Vhe  C*icago  Drainage  Canal 
'.  i  d  ^  h,0";  the.  rate  of  about  1 .5  miles  per  year, 

lb  assumed  that  there  is  a  uniform  mixing  of  the  waters  from 
e  to  bottom  of  the  lake,  a  particle  of  water  starting  at  its  south- 

K  wb76  VT  1u°  t0  220  years  t0  reach  the  Straits  of 
]‘  a;:  7  would  yearly  change  its  temperature  from  32°  to  a 

ium  dependent  on  the  latitude.  A  change  of  latitude  of  two- 

latu  “ftP,  yea!  Wl11 11/-*1  produce  an  appreciable  effect  on  the 

is  a  strong  -f’  °?  tlle  °1ther  hand’  be  assumed  that 

a  y°"g  .pnd  Wowing  from  the  south  while  the  particle  of 

Jmg  lfe  Journey,  the  observations  of  Mr.  Meno  indicate 
wpuld  move  on  the  surface  of  the  water  at  the  rate  of  about 
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d.pi£  oft  <i 

a  flow  of  10,000  cubic  feet  m  the  opposite  aW  ^  ^ 

northward,  movement  ol  th  p  water  by  such  a  retardati 

The  effect  on  the  temperature  of  the  w»yrs  ^  of  possi 

would  not  be  measurab  -  m significance  of  the  lake  discharge  wl 

pu»  th.  i.k«  a. 

charging  through  the  Chicago  iai  S  summer  months  the  m 
tion  and  intensity  of  the  wmds,  that  dunng^summ^  ^  ^  Chicag( 

temperature  of  the  sur  ace  ^  t  its  m0uth;  and  that  dur 

sr  “h 

Huron  through  the  Str.,1.  of  Mnclmno,  .  ..  Ji 


uron  through  the  Straits  i  »  “  ff  on  the  clima. 

In  conclusion  it  may  be  stated  that  geo“nd  feet  of  water_ 

Lake  States,  caused  by  d iver  g  t^er  theoretically  beneficia. 

the.  Chicago  'iftltxicsdmklTi.  e.,  incapable  of  being  measi 


;X  V/l 


<*  b»ng — 

the  most  delicate  instruments.  ^  McD.  Townsend, 

v  Colonel,  Corps  of  Engine® 


Table  1. 


direction  of  winds 


1911. 


June  (20  days) . 
July 
August 
September 


FORCE  OF  WINDS. 


1911. 


Chicago. 


b/D 

d 

o 


© 


S—i 

Cbi 


m 


June  (20  days) 

July . 

August . 

September 


5 

5 

5 

10 


o 

r^ 


Milwaukee. 


,C 

bJC 


14 
23 
16 

15 


03 

o 


o 


fcJO 

Ci 

o 

u 


CO 


3 
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Table  1 — Continued. 
DIRECTION  OF  CURRENTS. 


1911. 

Chicago. 

Milwaukee. 

Grand  Haven. 

White  Shoal 
Light. 

Northerly. 

Southerly. 

On  or  off 
shore. 

Easterly. 

Westerly. 

On  or  off 

shore. 

Northerly. 

Southerly. 

On  or  off 

shore. 

North- 

easterly. 

South- 

westerly. 

On  or  off' 

shore. 

July . 

15 

13 

3 

14 

12 

5 

15 

13 

3 

20 

4 

7 

August . 

7 

15 

9 

13 

17 

1 

13 

11 

7 

15 

13 

3 

September . 

11 

13 

6 

10 

18 

3 

16 

8 

6 

12 

14 

4 

TEMPERATURES. 


[In  degrees  Fahrenheit.] 


1911. 

Chicago. 

Milwaukee. 

Grand 

Haven. 

« 

White 

Shoal 

Light. 

Chicago 

River. 

St.  Marys  River. 

SaultSte. 

Marie. 

Sailors 

Encamp¬ 

ment. 

Water. 

Air. 

Water. 

Air. 

W  ater. 

Air. 

W  ater. 

Air. 

Water. 

Air. 

Water. 

Water. 

June  (20  days) 

66.1 

73.6 

62.2 

74.6 

63.6 

72.7 

56.3 

62.0 

55.2 

78.7 

51.6 

54.0 

July . . . 

68.3 

76.1 

64.1 

78.1 

71.8 

75.7 

63.3 

67.7 

64.3 

75.2 

59.5 

61.2 

August . 

67.8 

75.3 

62.2 

74.7 

65.2 

72.3 

65.9 

68.1 

68.8 

77.  5 

60.6 

62.8 

September. ... 

67.3 

68.1 

62.9 

69.7 

57.3 

62.8 

60.3 

58.8 

66.1 

72.4 

57.6 

58.6 

SUBSURFACE  TEMPERATURES. 


Lake  Michigan 
off  Frankfort. 

Straits  of 
Mackinac. 

Lake  Huron  off 
Harbor  Beach. 

Detroit  River. 

Lake  Erie  off 
Long  Point. 

Aug.  11,  1911. 

Aug.  9,  1911. 

Aug.  5,  1911. 

Aug.  25,  1911. 

July  14,  1911. 

Depth. 

Temper¬ 

ature. 

Depth. 

Temper¬ 

ature. 

Depth. 

Temper¬ 

ature. 

Depth. 

Temper¬ 

ature. 

Depth. 

Temper¬ 

ature. 

Feet. 

Surface. 

50 

100 

150 

200 

250 

300 

400 

500 

600 

°F. 

64i 

58 

47 

46 

46 

46 

45 

48 

47 

48 

Feet. 

Surface. 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

°F. 

64 

64 

62 

57 

56 

55 

55 

54! 

53 

53 

53 

Feet. 

Surface. 

20 

40 

60 

80 

100 

120 

140 

150 

°F. 

68 

64| 

60 

55 

54 
46! 
45! 
44! 
44  ‘ 

Feet. 

Surface. 

20 

40 

°F. 

68! 

68| 

68! 

Feet. 

Surface. 

20 

40 

60 

SO 

100 

120 

140 

160 

180 

°  F. 

72 

72 

62 

48 

46 

45 

53 
52 
51 

54 

MEAN  ELEVATIONS  OF  LAKE  LEVEL  AT  12  M. 


1011. 

June— 

July— 

August- 

September — 

11-20 

21-30 

1-10 

11-20 

21-31 

1-10 

11-20 

21-31 

1-10 

11-20 

21-30 

Chicago . 

579.  89 

579. 94 

579. 89 

579.  81 

579.  61 

579.  75 

579.  69 

579.  74 

579. 52 

579.  59 

579.  69 

Milwaukee . 

Grand  Haven . 

579.  97 
580. 03 

580.  03 
580. 15 

580.  00 
580. 01 

579. 90 
579.  95 

579.  77 
579.  S4 

579. 83 
580.  06 

579.  88 
579. 95 

579.  75 
579.  83 

579.  SO 

579.  60 

579.  78 

Mackinac . 

580. 07 

579. 97 

580. 04 

579. 99 

579.  91 

579.  92 

579.  85 

579.  75 

579.  62 

579.  66 

579. 50 

Harbor  Beach . 

580.  06 

579.  97 

579.  95 

579.  96 

579. 90 

579.  81 

579. 92 

579.  83 

579.  60 

579.  61 

579. 54 

Port  Huron . 

579.  31 

579.  25 

579.  23 

579. 19 

579. 15 

579.  08 

579.  20 

579. 13 

578. 91 

578. 92 

578.  84 
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Table  2. —Mean  surface  temperatures  of  the  Great  Lakes. 


[In  degrees  Fahrenheit.] 
LAKE  SUPERIOR. 


Month. 

Devils  Is¬ 
land  Light¬ 
house. 

Passage 

Island. 

Stannard 
Rock  Light¬ 
house. 

190o 

1906 

1905 

1906 

1905 

1906 

January . 

February. . . 

March . 

34.  9 

36.3 

38.3 
47.6 

54.1 
53.0 

47.1 

42.2 

April . 

36.1 

40.1 

47.2 
56.4 

61.3 

56.4 
50.0 
4*>  2 
3b.  3 

36.2 
39.4 

46.3 
60.6 
63.0 
59.0 

51.4 

41.5 
36.7 

33.0 

36.4 

39.7 

44.4 

54.8 
51.6 

47.5 

40.5 
37.1 

35.3 
37.1 

39.8 

44.9 

55.9 

52.9 
46.  5 

39.4 
35.8 

34.4 

35.8 

38.3 

42.2 

51.4 

50.3 
48.0 

41.8 

May . . . 

June . . . 

Julv . 

August . 

September . 

October . 

November . . 

December . 

LAKE  MICHIGAN. 


Month. 

Milwaukee  Break¬ 
water. 

Grand  Haven 

I  lighthouse. 

| 

Eleven-Foot 
Sho  il  Light- 
nouse. 

Lansing  Shoal 
Lighthouse. 

1904 

1905 

1906 

1904 

190o 

1906 

1904 

1905 

1906 

1904 

1905 

1906 

Januarv . 

32.8 

February . 

32.5 

March . 

34.2 

33.4 

33.8 

April . . . 

40. 1 

40.  7 

42.8 

43.  8 

36  0 

r-*ft  ft 

9A  O 

43.  4 

47.4 

51  1 

51  5 

• 

ft 

AA  Q 

Qn  a 

OD.  o 

June . 

53. 1 

57  9 

59  0 

W  Q 

1 

o».  O 

4(j.  5 

July . 

61.4 

61.  9 

62  7 

64  3 

. 

A9  ^ 

AA  Q 

oil,  l 

Q4.  6 

August . 

67.0 

68.5 

67.  4 

70  5 

\J£.  ,  t) 

Q 

DO.  v 
AG  7 

o 

00.  5 

Sen  tern  ber . 

56.  8 

58.6 

65.5 

64  6 

A9  ft 

PL 

DO.  O 

AO  O 

00.  0 

October . 

45.0 

53.3 

55  8 

51  6 

a 

DO.  u 

PL 

OZ.  Z 

0  Z.  £ 

November. . . 

43. 1 

39.6 

42.7 

42.3 

41.8 

44.2 

43.8 

44. 1 

44.  7 

0«J»  *5 

44.3 

dz.  9 
43.8 

December . 

34.4 

34.2 

36.4 

33.2 

34.0 

33.9 

. 

38.0 

36.9 

40.0 

37.5 

LAKE  ST.  CLAIR  AND  LAKE  ERIE. 


Month. 

Grosse- 

point 

Light 

Vessel. 

Toledo  Harbor 
Light  Vessel. 

South 

East 

Shoal 

Light¬ 

ship. 

Horseshoe  Reef. 

1905 

1906 

1904 

1905 

1906 

1907 

1905 

1906 

1904 

1905 

1906 

'  1907 

1908 

Januarv . 

32,0 

32.0 

32.3 

32.0 

36.7 

'~r"” 

February . 

March . 

41.0 

51.5 

62.  4 

42.2 
50.9 

62.5 

70.5 

74.2 
69.7 

55.4 

43.4 
34  6 

43.  7 

57.5 
69.9 
74.4 

73.2 

68.2 
56.8 
40.3 

33.6 

43.7 

57.0 

66.9 
75.0 

77.4 

72.4 

53.5 
43.2 

33.9 

40.9 

50.6 

63.3 
73.0 

72.1 
67.8 

53.3 

41.7 

34.1 

41.6 

51.2 
65.  0 

72.3 

76.2 

72. 2 

58.2 
46.8 

38. 4 

32.0 
45.0 
60.  5 
69.6 

69.8 

66.8 

59. 2 

45.2 

38.3 

34.9 

46.9 
59.0 

69.4 

73.4 

69.5 
59.1 
46.3 

35.9 

67.3 

69.1 

69.8 

66.8 

55.9 
45  5 

36.9 

33.6 

45.7 
65.1 

71.3 
70.9 
66.5 

58.8 

45.4 
37.7 

May . 

June . 

70.3 
73.5 

73.4 
68.7 
60. 1 

43.4 
35.  6 

43  ."s 
36.2 

July . 

August . 

September . 

October . 

November . 

December . 

68.9 
70.  6 
66. 1 
£6.5 
42. 2 

35. 9 

40.  -3 
32.2 

51 
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Table  2. — Mean  surface  temperatures  of  the  Great  Lakes — Continued. 

LAKE  HURON. 


Month. 

Spectacle 

Reef 

Lightship. 

Charity 

Island 

Lighthouse. 

Lake  Huron 
Light  Vessel 
No.  61. 

1905 

1906 

1905 

1906 

1905 

1906 

January . 

February . 

March . 

April . 

34.8 

35.0 

48  4 

46  4 

3*  3 

39  8 

May . 

37.0 

38.3 

54  6 

54  6 

46  6 

June . 

47. 6 

51.6 

67. 1 

67  5 

59'  8 

58  8 

July . 

59.5 

64.  4 

72  4 

73  1 

66  1 

68  5 

August . 

65.0 

66.7 

72.7 

67^7 

72  5 

September . 

62.7 

61.7 

67. 1 

70  0 

65  9 

70  0 

October . 

50.3 

49.7 

53.3 

55.  3 

58  9 

57  3 

November . 

41.3 

42.6 

41.9 

42.6 

4fi  5 

45  7 

December . 

40.0 

38.  4 

36.0 

39.4 

37.3 

LAKE  ONTARIO. 


Month. 

Charlotte  Light¬ 
house. 

Gall 00  Island 
Lighthouse. 

1904 

1905 

1906 

1904 

1905 

1903 

January . 

32.3 

February . 

42.3 

March . 

48.5 

34.6 

April . 

42.  3 

49  9 

37  6 

40  2 

May . 

48.5 

50.3 

45.  fi 

49^3 

June . 

59.0 

58.5 

56  4 

60.2 

July . 

64.5 

57.2 

66.  5 

70.3 

August . 

64.9 

61.5 

68  7 

72  9 

Sept  ember . 

62.6 

67.2 

fi5.  4 

65  4 

October . 

55.3 

54.0 

58.2 

54.3 

November . 

40.9 

40.0 

42.3 

45.8 

41. 1 

December . 

32.4 

33.9 

33.8 

32.4 

37.6 

32.0 

Appendix  C  (Part  2). 


Observations  of  air  and  water  surface  temperatures ,  wind ,  and  current. 

RUSH  STREET  BRIDGE,  CHICAGO  RIVER. 


Date. 

Temperature. 

Wind. 

Direction  of 
current. 

Air. 

Water. 

Direc¬ 

tion. 

Strength. 

1911. 

June  11 1 . 

W . 

. . 

June  1? . 

69 

57 

W . 

. 

June  13 . 

71 

59 

N 

June  14.... . 

69 

62 

N . 

June  15 . 

76 

63 

N . 

June  16 . 

66 

63 

E . 

June  17 . 

NE.... 

June  181 . 

N.. 

June  19 . 

71 

66 

NE . 

June  20 . 

77 

66 

N. 

Average . 

71.3 

62.3 

. 

Sunday 
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Observations  of  air  and  water  surface  temperatures,  wind ,  and  current — -Continued. 

RUSH  STREET  BRIDGE,  CHICAGO  RIVER  -Continued. 


Date. 


June  21 . . 
June  22.. 
June  23.. 
June  24. . 
June  25 1 , 
June  26.. 
June  27. . 
June  28.. 
June  29. . 
June  30.. 


1911. 


Average . 


July  1 . 

July  2l . 

July  3 . 

July  4  (holiday) . 

July  5 . 

July6 . 

July  7 . 

July  8 . 

July  91 . 

July  10 . 


Average . 


July  11.. 
July  12. . 
July  13 . . 
July  14. . 
July  15. . 
July  16  L 
July  17.. 
July  IS.. 
July  19. , 
July  20., 


Average . 


July  21 
July  22 
July  23i 
July  24 
July  25 
July  26 
July  27 
July  28 
July  29 
July  30i 
July  31. 


64 

62 

64 

62 

67 

62.5 

77 

62 

75 

61 

Average. 


Aug.  1. . 
Aug.  2. . 
Aug.  3. . 
Aug.  4. . 
Aug.  5. . 
Aug.  6  1 . 
Aug.  7. . 
Aug.  8. . 
Aug.  9. . 
Aug.  10. 


Average . 


Aug.  11.. 
Aug.  12. . 
Aug.  13 1 . 
Aug.  14.. 
Aug.  15. . 
Aug.  16. . 
Aug.  17.. 
Aug.  18. . 
Aug.  19. . 
Aug.  20 1 . 


Average . 


Temperature. 


Air. 


78 

85 

88 

78 


76 

74 

68 

71 

81 


77.7 


89 


94 


96 

74 

76 

83 


83 


85.0 


82 

75 

79 

71 

86 


70 

80 

74 

72 


76.6 


71 

74 


76 


71.0 


74 

70 

71 

75 


86 


86 

76 


76.9 


69 

68 


83 

75 

85 

77 

72 

70 


Water. 


69 

70 
69 
69 


66 

61 

60 

65 

67 


66.2 


67 

*65’ 


70 

65 

70 

73 


73 


69.0 


73 

73 

72 

73 
73 


70 

70 

90 

70 


73.8 


70 

70 


60 


63.7 


59 

59 

63 

64 


69 


66 

64 


63.4 


66 

66 


69 

69 
71 

70 
70 
70 


74. 9  68. 9 

1  Sunday. 


Wind. 

Direc¬ 

tion. 

Strength. 

E . 

W . 

S . 

SE . 

SW' . 

SW . 

w . 

NE . 

E . . 

SW . 

SW..  . 

SW..... 

SW . 

SW . 

SW . 

N.. . 

NE . 

SE . 

S . 

SW . 

N . 

NE . 

NE . 

NE . 

SW . 

NE . 

E . 

SW..  . 

SW . 

NE.... 

NE . 

E . 

S . 

w . 

w . 

E . 

s . 

E . 

E...  . 

S . 

SE . 

W . 

NE.. 

NE.. 

E . 

E..  . 

NE . 

SW.... 

NE . 

SW.. 

NE.... 

N...  . 

SW..  . 

NW 

SW.. 

NE.... 

SW.. 

N . 

NE... 

NE.... 

Direction  of 
current. 
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Observations  of  air  and  water  surface  temperatures ,  wind,  and  current — Continued. 

RUSH  STREET  BRIDGE,  CHICAGO  RIVER-Continued. 


Date. 

Temperature. 

Wind. 

Direction  of 
current. 

Air. 

Water. 

Direc¬ 

tion. 

Strength. 

1911. 

Aug.  21  . 

80 

71 

S . 

Aug.  22 . 

68 

68 

N . 

Aug.  23 . 

68 

66 

NE . 

Ang.  24  . 

65 

64 

E . 

Aug.  25 . 

70 

64 

NE . 

Aug.  26 . 

72 

67 

E . 

Aug.  27  1 . 

Aug.  28 . 

70 

66 

N . 

Ane.  29 . _ . 

63 

64 

NE . 

Aug.  30  . . . 

65 

65 

E . 

Aug.  31  . 

73 

66 

S . 

Average . 

69.4 

66.1 

Sept.  1 . 

76 

66 

NE . 

Sept.  2 . 

W . 

Sept.  31 . 

NE . 

Sept.  4  2 . 

E . 

Sept.  5 . 

73 

68 

SE . 

Sept.  6 . 

68 

67 

NE . 

Sept.  7 . 

70 

67 

NE . 

Sept.  8 . 

66 

67 

NE . 

Sept.  9 . 

67 

67 

E . 

Sept.  10  1 . 

SE . 

Average . 

70.0 

67.0 

Sept.  11 . 

76 

69 

SW . 

Sept.  12 . 

63 

66 

NE . 

Sept.  13 . . . 

65 

65 

NE . 

Sept.  14 . 

72 

66 

S . 

Sept.  15 . 

72 

67 

SE . 

Sept.  16 . 

SW . 

Sept.  17  1 . 

SE . 

Sept.  18 . 

78 

70 

SW . 

Sept.  19 . 

67 

67 

N . 

Sept.  20 . 

67 

66 

E . 

Average . 

70.0 

67.0 

Sept.  21 . 

65 

66 

W . 

Sept.  22 . 

67 

66 

SE . 

Sept.  23 . 

71 

66 

SW . 

Sept.  24  1 . 

N . 

Sept.  25 . 

65 

65 

W . 

Sept.  26 . 

59 

62 

E . 

Sept.  27 . 

73 

65 

W . 

Sept.  28 . 

63 

64 

SE . 

Sept.  29 . 

64 

63 

W . 

Sept.  30 . 

56 

62 

SE . 

Average . 

64.8 

64.3 

CHICAGO  HARBOR  LIGHT,  LAKE  MICHIGAN. 


1911. 

June  11 . 

76 

60 

WNW . . 

Moderate. 

June  12 . 

68 

58 

WNW.. 

. do _ 

June  13 . 

68 

60 

N . 

. do _ 

June  14 . 

74 

63 

N . 

. do. . . 

June  15 . 

74 

63 

Calm.. . . 

June  16. . 

62 

63 

SE . 

Strong . . . 

June  17 . 

63 

64 

E . 

. do. . . 

June  18 . 

78 

65 

NE . 

Moderate. 

June  19 . 

78 

68 

wsw... 

June  20 . 

72 

68 

NW . 

Average . 

71.3 

63. 2j 

1  Sunday. 


*  Labor  Day, 
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Observations  of  air  and  water  surface  temperatures ,  wind,  and  current — Continued. 

CHICAGO  HARBOR  LIGHT,  LAKE  MICHIGAN— Continued. 


Date. 

Temperature. 

Wind. 

Direction  of 
current. 

Air. 

Water. 

Direc¬ 

tion. 

Strength. 

1911. 

June  21 . 

76 

68 

SW... 

Moderate 

June  22 . . . . . 

85 

74 

SE 

do 

June  23 . 

84 

72 

SSE  . 

do 

June  24 . 

72 

70 

SSE 

do 

June  25 . 

74 

69 

SE  . 

High 

June  26 . 

82 

71 

SSE 

Strong 

June  27 . . . 

72 

65 

WNW 

do 

June  28 . . . 

68 

67 

NE  ... 

Moderate 

June  29 . 

70 

66 

E...  . 

.do 

June  30 . 

76 

68 

SE.. 

do 

Average . 

75.9 

69.0 

• 

July  1 . 

86 

67 

S  . 

Moderate 

July  2 . 

86 

70 

SW  .. 

do 

July  3 . 

91 

70 

SW... 

do 

July  4 . 

94 

76 

SE 

do 

July  5 . 

96 

76 

SW 

do 

July  6 . 

72 

67 

N 

Eresh 

July  7 . 

80 

71 

SE 

Mod  pr  A.t.p 

July  8 . . . 

78 

70 

S  .  . 

do 

July  9 . 

83 

74 

ssw 

do 

July  10 . 

84 

74 

StoW 

do 

Average . 

85.0 

71.5 

July  11 . 

82 

76 

SW 

ModPTTi  fp. 

July  12 . 

72 

72 

NE  . 

do 

July  13 . 

76 

67 

E 

do 

July  14 . 

74 

67 

NE 

do 

July  15 . 

74 

69 

SW 

Eresh 

July  16 . 

70 

67 

NNE 

do 

July  17 . 

72 

70 

SW 

do 

July  18 . 

78 

70 

SW 

Diehl', 

July  19 . 

72 

69 

SW 

do 

July  20 . 

74 

70 

NE  . 

Moderate 

Average . 

74.4 

69.7 

July  21 . . 

68 

63 

NE 

Modern  te 

July  22 . 

72 

68 

SE 

do 

July  23 . 

72 

68 

SE  . 

do 

July  24 . 

60 

62 

WNW 

Gale 

July  25 . 

64 

62 

NW 

Modern  te 

July  26 . 

66 

64 

ESE 

do 

July  27 . 

70 

64 

ESE 

do . 

July  28 . 

72 

60 

SW 

do 

July  29 . 

68 

62 

E 

Light 

July  30 . 

74 

64 

s 

Mod  era  t  e 

July  31 . 

73 

63 

SE 

do 

Average . 

69.0 

63.6 

Aug.  1 . 

73 

64 

SW 

Moderate 

N . .  weak 

Aug.  2 . 

75 

65 

SE 

d  n 

Do 

Aug.  3 . 

73 

65 

NE 

Eresh 

S  moderate 

Aug.  4 . 

72 

65 

E 

Moderate 

Do 

Aug.  5 . 

NO 

70 

E 

Li  eh  t 

N.,  weak. 

Aug.  6 . 

85 

70 

NE 

Moderate 

S  weak. 

Aug.  7 . 

•  84 

68 

S  ,/ 

do 

N  ,  moder- 

ate. 

Aug.  8 . 

78 

68 

SE 

do 

Do. 

Aug.  9 . 

80 

65 

S  vV 

do 

Do. 

Aug.  10 . 

72 

67 

N . 

Light . 

Do. 

Average . 

77.2 

66.7 

Aug.  11 . 

68 

64 

N 

Light 

S.,  strong 

Aug.  12 . 

70 

63 

SE 

Moderate 

Do. 

Aug.  13 . 

70 

68 

SE 

Ligh  t 

Aug.  14 . 

78 

72 

NE 

do 

S  ,  light. 

Aug.  15 . 

90 

70 

NE 

do 

Aug.  16 . 

82 

71 

SW 

M  odera,te 

N.;  moder- 

Aug.  17 . 

78 

71 

N 

LiVht, 

ate. 

S. ,  stronv 

Aug.  18 . 

75 

68 

NE 

Eresh 

Do. 

Aug.  19 . 

74 

70 

NE 

Moderate 

S  moderate 

Aug.  20 . 

80 

71 

NE 

do 

S..  light. 

Average . 

76.5 

68.8 
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Observations  of  air  and  water  surface  temperatures,  wmd,  and  current — Continued. 

CHICAGO  HARBOR  LIGHT,  LAKE  MICHIGAN— Con t  need. 


Date. 

Temperature. 

Wind. 

Direction  of 
current. 

Air. 

Water. 

Direc¬ 

tion. 

Strength. 

1911. 

Aim.  21 . 

74 

71 

SW . 

Very  fresh . 

N.,  strong. 

Au;’.  22 . 

73 

68 

N . 

Fresh . 

S.,  strong. 

Au/.  23 . 

68 

64 

NE . 

Moderate.  ’. . 

Do. 

Au/.  24 . 

64 

62 

ESE.... 

F  resh . 

N.,  strong. 

Aug.  25 . 

70 

65 

SE . 

Light . 

A  mr.  26 . . . 

70 

68 

S . 

. do . 

S.,  light. 

Aug.  27 . 

80 

71 

\\Nvf.. 

. do . 

Aug.  28 . 

70 

70 

N . 

Moderate . 

S.,  moderate. 

Au?.  29 . 

78 

70 

NE . 

. do . 

S.,  light. 

Au/.  30 . 

74 

70 

NE . 

S.,  moderate. 

Aug.  31 . ■ . . 

78 

68 

E . 

Do. 

Average . 

72.6 

67.9 

Sept.  1 . 

80 

67 

Calm.. . . 

Sept.  2 . 

76 

71 

U.  N 

Moderate . 

S.,  moderate. 

Sept.  3 . 

74 

68 

E . 

. do . 

Sept.  4 . 

70 

67 

ESE.... 

. do . 

Sept.  5 . 

72 

70 

SE . 

. do . 

N.,  light. 

Sept.  6 . 

70 

68 

E . 

Fresh . 

N.,  moder- 

ate. 

Sept.  7 . 

70 

69 

E . 

Light . 

N.,  light. 

Sept.  8 . . . . . 

72 

67 

NE . 

Moderate . 

S.,  moderate. 

Sept.  9 . 

74 

70 

E . 

. do . 

N.',  light. 

Sept.  10 . 

72 

70 

SW . 

'  Do. 

Average . 

73.0 

68.7 

Sept.  11 . 

74 

68 

SW . 

F  resh . 

N.,  light. 

Sept.  12 . 

62 

69 

NE . 

S.,  moderate. 

Sept.  13 . 

65 

68 

NE . 

. do . 

S.,  light. 

Sept.  14 . 

68 

67 

SE . 

N.,  strong. 

Sept.  15 . 

76 

65 

E . 

Light . 

Sept.  16 . 

74 

68 

Calm.. . . 

Sept.  17 . 

74 

70 

S . 

Moderate . 

N.,  moder- 

ate. 

Sept.  18 . 

72 

69 

WNW . . 

. do . 

S.,  light. 

Sept.  19 . . . 

62 

68 

NW . 

Fresh . 

S.,  strong. 

Sept.  20. . 

64 

69 

NE . 

. do . 

Do. 

Average . . . 

69.1 

68.1 

Sept.  21 . 

62 

67 

NW . 

Moderate . 

S.,  moderate. 

Sept.  22 

64 

65 

SE . 

. do . 

N.',  light. 

Sept.  23 . 

72 

66 

SW . 

. do . 

N.,  moder- 

ate. 

Sept.  24 . 

68 

67 

N . 

F  resh . 

S.,  strong. 

Sept.  25 . 

59 

65 

NE . 

Do.  “ 

Sept.  26 . . . 

58 

65 

NE . 

Moderate . 

S.,  light. 

Sept.  27. . 

64 

65 

NW . 

Light . 

Sept.  28. . 

58 

63 

SE . 

Moderate . 

N.,  dght. 

Sept.  29  . 

60 

64 

NW . 

Fresh . 

S.,  strong. 

Sept.  30 

58 

63 

SE . 

M oderat e . 

S.,  moderate. 

A vera/e . 

62.3 

65.0 

- 

MILWAUKEE  PIERHEAD  LIGHT,  LAKE  MICHIGAN. 


1911. 

June  11 . 

78 

58 

NW . 

Brisk . . . . 

.Tune  12  .  . . 

68 

54 

NW . 

. do. . . 

June  13  . 

71 

56 

N . 

Fresh  . . . . 

June  14  . 

74 

61 

E . 

Fight - 

June  15  . 

78 

62 

NE . 

. do . . . 

June  16 . 

C4 

56 

NW . 

Moderate. 

June  17 . 

64 

58 

NE . 

. do  . . . 

June  18 . 

72 

62 

NE . 

Light - 

June  19  . 

80 

64 

W . 

. do . . . 

June  20 . 

78 

66 

NE . 

. do . . . 

Average . 

72.7 

59.7 
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Observations  of  air  and  water  surface  temperatures,  wind,  and  current — Continued. 

MILWAUKEE  PIERHEAD  LIGHT,  LAKE  MICHIGAN—Continued. 


Date. 

Temperature. 

Wind. 

Direction  of 
current. 

Air. 

Water. 

Direc¬ 

tion. 

Strength. 

1911. 

June  21 . . . . 

80 

66 

SE . 

TJght  -T_ 

June  22 . . . 

84 

66 

W ...... 

_ do . 

June  23 . . 

90 

66 

W . 

do  . 

June  24 . 

74 

67 

E . 

_ do . . 

June  25 . 

72 

66 

Var . 

_ do  . 

E 

June  26 . . 

76 

66 

V  ar . 

do 

W  Qt.rnnor 

June  27 . 

70 

62 

NW . 

Moderate 

W  qf.m  n  if 

June  28 . 

70 

62 

NE . 

Light . 

E 

June  29 . 

72 

63 

SE . 

Moderate 

W 

June  30 . 

78 

63 

S . 

.  do 

NW 

Average . 

76.6 

64.7 

July  1 . 

94 

65 

sw..  . 

M  od  erate. 

E 

July  2 . 

94 

62 

w . 

do . . 

E 

July  3 . 

96 

63 

NE . 

do  . 

S 

July  4 . 

88 

70 

E . 

Light 

w 

July  5 . 

92 

68 

Var . 

do 

s 

July  6 . 

76 

72 

NE . 

Fresh 

s 

July  7 . 

74 

71 

NE . 

Moderate 

E 

July  8 . 

80 

70 

E . 

Fresh . 

w 

July  9 . 

90 

68 

SW . 

do  .... 

NE. 

July  10 . 

82 

71 

SE . 

Moderate..  .. 

W. 

Average . 

86.6 

68.0 

July  11 . 

88 

70 

W . 

Fresh . . 

E. 

July  12 . 

78 

68 

NW . 

Moderate  ..  .. 

S 

July  13 . 

81 

64 

NW.... 

do . 

s 

July  14 . 

80 

67 

W . 

do . 

SE. 

Julv  15 . 

86 

68 

NW . 

Fresh . . . 

SE. 

July  16 . 

74 

65 

NE . 

do . 

W. 

July  17 . 

72 

67 

W . 

Light  . 

E. 

July  18 . 

74 

68 

w . 

Moderate, . 

E. 

July  19 . 

74 

66 

ENE.... 

.  do.. _ ...... 

W. 

July  20 . 

76 

64 

E . 

_  do.. . 

W. 

Average . 

78.3 

66.7 

July  21 . 

76 

65 

SE . 

Moderate . 

N. 

July  22 . 

80 

67 

NE . 

do . 

W. 

July  23 . 

64 

66 

SE . 

Brisk . 

W. 

July  24 . 

68 

60 

NW . 

.  do _ _ _ _ .... 

E. 

July  25 . 

68 

56 

NW . 

Light . 

E. 

July  26 . 

72 

51 

E . 

do  . 

W. 

July  27 . 

64 

54 

SE . 

Fresh  . .  _ 

W. 

July  28 . 

70 

56 

SW . 

..  do . 

E. 

July  29 . 

68 

53 

ESE.... 

Moderate . . 

W. 

July  30 . 

66 

53 

SE . 

Fresh . . 

W. 

July  31 . 

68 

53 

SE . 

Moderate _ 

E. 

Average . 

69.5 

57.6 

Aug.  1 . 

78 

57 

SW . 

Moderate _ 

E. 

Aug.  2 . 

76 

58 

SW . 

. .  do . 

E. 

Aug.  3 . 

76 

59 

NE . 

do . 

W. 

Aug.  4 . 

72 

58 

SE . 

Fresh  . . 

W. 

Aug.  5 . 

80 

62 

SE.. 

Moderate . . 

w. 

Aug.  6 . 

76 

61 

SE . 

Brisk . 

w. 

Aug.  7 . 

72 

58 

SW . 

Moderate . . 

E. 

Aug.  8 . 

72 

58 

NW.  ... 

. do . 

E. 

Aug.  9 . 

76 

59 

sw . 

_ _ do . . . 

E. 

Aug.  10 . 

64 

56 

NE . 

. do . 

E. 

Average . 

74.2 

58.6 

Aug.  11 . 

64 

56 

NE . 

Fresh . 

W. 

Aug.  12 . 

66 

58 

NE . 

Moderate . 

W. 

Aug.  13 . 

68 

59 

SE . 

. do . 

E. 

Aug.  14. . 

76 

67 

SE . 

. . do . . . . 

W. 

Aug.  15 . 

80 

67 

SE . 

. do... . 

w. 

Aug.  16 . 

82 

64 

wsw... 

Light . 

w. 

Aug.  17 . 

84 

66 

Var . 

. ....  do . . 

E. 

Aug.  18 . 

80 

66 

NE . 

. ....  do . . . 

w. 

Aug.  19 . 

82 

67 

E . 

. ....  do . . . . 

w. 

Aug.  20 . 

74 

66 

SE . 

Fresh . . 

w. 

Average . 

75.6  1 

63.6 
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Observations  of  air  and  water  surface  temperatures ,  wind ,  and  current — Continued. 

MILWAUKEE  PIERHEAD  LIGHT,  LAKE  MICHIGAN— Continued. 


Temperature. 

Wind. 

Direction  of 
current. 

Date. 

Air. 

Water. 

Direc¬ 

tion. 

Strength. 

mi. 

78 

65 

S . 

Fresh . 

E. 

AUg-  — -  --  --  --  -- . 

66 

64 

N . 

. do . 

S. 

78 

64 

NE . 

Light . 

E. 

78 

65 

NE . 

. do . 

W. 

72 

64 

SE . 

. do . 

E. 

72 

64 

ESE.... 

Fresh . 

Wr. 

82 

64 

sw . 

Moderate . 

E. 

68 

65 

NW.  ... 

Fresh . 

E. 

70 

64 

NE . 

. do . 

w. 

74 

64 

E . 

. do . 

W. 

78 

66 

SW' . 

Light . 

w. 

Average . 

74.6 

64.4 

76 

64 

SE . 

Fresh . 

w. 

9 

79 

67 

NE . 

. do . 

w. 

78 

65 

E . 

Moderate . 

wr. 

76 

66 

SE . 

Fresh . 

w. 

78 

66 

S . 

. do . 

E. 

68 

64 

NE . 

. do . 

w. 

.Qcvrvt  7  . 

70 

65 

N . 

. do . 

wr. 

64 

61 

NE . 

Light . 

wr. 

74 

64 

E . 

. do . 

w. 

Cpnf  1  n 

68 

62 

Var . 

. do . 

E. 

Average . 

73.1 

64.4 

74 

62 

SW . 

Fresh . 

E. 

64 

62 

NE . 

. do . 

W. 

Cprwf  1 Q 

66 

62 

E . 

W. 

64 

63 

ESE.... 

Brisk . 

Wr. 

R<vnt  1  5 

78 

62 

W . 

Light . 

E. 

80 

66 

w . 

. do . 

E. 

72 

64 

E . 

. do . 

W. 

74 

63 

W . 

Moderate . 

E. 

78 

66 

E . 

Light . 

E. 

Sent  90 

74 

66 

E . 

. do . . 

E. 

Average . 

72.4 

63.6 

64 

64 

N . 

Fresh . 

W. 

Qpnt  99 

72 

64 

E . 

. do . 

W. 

Cprif  93 

75 

62 

S . 

. do . 

N. 

Sent  9.1  _ 

58 

62 

N . 

Brisk . 

S. 

60 

60 

NNE _ 

. do . 

s. 

Qpnt  26 

64 

60 

SE . 

Fresh . 

w. 

72 

60 

N . 

Light . 

E. 

Qpnt  98 

60 

58 

E . 

Brisk . 

w. 

Sprit  9Q 

54 

58 

NW.  .  .. 

Fresh . 

E. 

Qpnt  30 

56 

58 

E . 

W. 

Average . 

63.5 

60.6 

GRAND  HAVEN  LIGHT,  LAKE  MICHIGAN. 


1911. 

June  11 . 

June  12 . 

June  13 . 

June  14 . 

June  15.. . 

June  16 . 

June  17 . 

June  18 . 

June  19 . 

June  20 . 


66 

62 

68 

61 

61 

58 

70 

50 

65 

52 

60 

62 

65 

61 

80 

65 

71 

61 

80 

69 

68.6 

60.1 

VrSWT... 

Fresh . 

WT . 

. do 

NW' . 

Brisk . 

NE . 

Light . 

W' . 

. . .  r.do 

SE . 

. do 

S . 

. do 

NW . 

. do 

S . 

. do 

NWT . 

. do 

Average 
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GRAND  HAVEN  LIGHT,  LAKE  MICHIGAN— Continued. 


Date. 


June  21. 
June  22. 
June  23. 
June  24. 
June  25. 
June  26. 
June  27. 
June  28. 
June  29. 
June  30. 


1913. 


Average. 


July  1 . , 
July  2. , 
July  3. , 
July  4 . 
July  5. , 
July  6., 
July  7.. 
July  8. . 
July  9. . 
July  10. 


Average. 


July  11. 
July  12. 
July  13. 
July  14. 
July  15. 
July  16. 
July  17. 
July  18. 
July  19. 
July  20. 


Average. 


July  21 . 
July  22. 
July  23. 
July  24. 
July  25. 
July  26. 
July  27. 
July  28. 
July  29. 
July  30. 
Julv  31 . 


Average. 


Aug.  1.. 
Aug.  2.. 
Aug.  3.. 
Aug.  4.. 
Aug.  5.. 
Aug.  6.. 
Aug.  7.. 
Aug.  8.. 
Aug.  9.. 
Aug.  10. 


Average. 


Aug.  11 . 
Aug.  12. 
Aug.  13. 
.Aug.  14. 
Aug.  15. 
Aug.  16. 
Aug.  17. 
Aug.  18. 
Aug.  19. 
Aug.  20. 


Average . 


Temperature. 

Air. 

Water. 

76 

70 

77 

71 

78 

71 

87 

70 

78 

71 

80 

72 

71 

70 

76 

61 

69 

55 

76 

61 

76.8 

67.2 

75 

69 

82 

72 

83 

76 

84 

75 

80 

78 

80 

75 

80 

70 

90 

73 

80 

75 

78 

76 

81.2 

73.9 

78 

77 

73 

71 

71 

74 

78 

72 

75 

72 

76 

71 

68 

65 

75 

68 

09 

69 

80 

70 

74.3 

70.9 

65 

71 

75 

70 

73 

69 

75 

66 

59 

05 

74 

67 

71 

69 

75 

68 

69 

68 

78 

70 

74 

73 

71.6 

68.7 

76 

72 

67 

71 

80 

68 

75 

68 

84 

72 

80 

74 

80 

70 

69 

71 

78 

71 

79 

71 

76.8 

70.8 

70 

70 

68 

66 

74 

68 

74 

71 

76 

67 

74 

70 

78 

70 

69 

69 

68 

56 

70 

53 

72.1 

66.0 

Wind. 


Direc¬ 

tion. 


S..... 

s . 

s..... 

Calm. 

SW.. 

s . 

w.... 

NW.. 

W.... 

SSE.. 


5.. . 

SW. 

SW. 

5.. .. 

S.... 

NW. 

SE.. 

S.... 

s.... 

SW. 


Strength. 


Light . 
Fresh . 
- do. 


Light. 

- do. 

Fresh . 
—  .do. 
Light. , 
- do. 


SW..., 

NW.... 

NW..., 

NW.... 

W . 

NW.... 
WNW . 
SW.... 
NW.... 
SW.... 


Light . 

- do . 

- do . 

- do . 

Fresh . 

Light . 

Very  light. 
Light ..... 

Fresh . 

Light . 


Light.. 
Fresh . 

- do. 

- do. 

Brisk . . 
Fresh . 

- do. 

Brisk . . 
Fresh . 
Light . . 


NW..., 

NW..., 

S . 

W . . 

WNW. 

N . 

S . 

S . 

SW.... 

s . 

s . 


s.... 

NW. 

NW. 

W... 

SW. 

w... 

s.... 

NW. 

SW. 

SE.. 


Fresh . 

Light. 

High.. 

Brisk., 

Light. 

. do. 

Fresh . 

. do. 

Light. . 

- do. 

- do. 


E. 


Light . 

_ do. 

_ do. 

_ do. 

_ do. 

....do. 
Fresh . 

_ do. 

Light.. 
Fresh . 


Fresh 
Light . 


Light . 

. do. 

_ do. 

_ do. 

Brisk. , 
Light. 
_ do. 


Direction  of 
current. 


NW. 

NE. 

NW. 

N. 

N. 

SE. 

W. 

N. 

N. 

NE. 


N. 

SE. 

S. 

SE. 

SW. 

SE. 

S. 

NE. 

SE. 

NE. 


S. 

SE. 

N. 

E. 

S. 

E. 

None. 

N. 

S. 

N. 

N. 


N. 

S. 

SE. 

NE. 

NE. 

NW. 

N. 

SE. 

NE. 

NE. 


W. 

E. 

NW. 

NE. 

SE. 

S. 

E. 

S. 

SE. 

SE. 
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Observations  of  air  and  water  surface  temperatures,  wind,  and  current — Continued. 

GRAND  HAVEN  LIGHT,  LAKE  MICHIGAN— Continued. 


Date. 

Temperature. 

Wind. 

Direction  of 
current. 

Air. 

Water. 

Direc¬ 

tion. 

Strength. 

1911. 

A  up  21 .  . 

68 

60 

SW . 

Fresh . 

NE. 

2‘E  . 

67 

65 

NW . 

Light . 

E. 

Ang  23  . 

72 

56 

N . 

. do . 

S. 

Anp  24  _ _ 

69 

49 

W . 

w. 

A  no-  25  . 

66 

51 

s . 

N. 

All?  96.  _ _ 

69 

54 

s . 

None. 

Ang  27.  . . 

70 

60 

s . 

. do . 

N. 

Ang.  9 £_  . . . 

64 

52 

NNW... 

Fresh . 

SW. 

An?  99.  . 

66 

48 

NW . 

Light . 

SE. 

A  up  30.  . . . 

66 

46 

E . 

...r.do . 

w. 

A  np.  31-  . . 

70 

48 

S . 

N. 

Average . 

67.9 

53.5 

Sept.  1 .  . . . . 

70 

50 

SW . 

Light . 

W. 

Sept.  2 .  . 

65 

55 

w . 

Fresh . 

F. 

Sept.  3 _  ...  . 

67 

51 

WNW . . 

Light . 

SW. 

Sept  4 

64 

52 

Calm... . 

E. 

Sept.  5 .  . . 

60 

55 

SSE . 

Light . 

NW. 

Sept  6 .  . .  . 

65 

57 

N . 

. do . 

S. 

Sept.  7  _  .  _ 

65 

55 

SE . 

. do . 

NE. 

Sept.  S .  . 

56 

60 

E . 

. do . 

W. 

Sept.  9 .  . 

65 

55 

NW . 

S. 

Sept.  10  . 

62 

57 

S . 

. do . 

N. 

Average . . 

63.9 

54.7 

Sept.  11..  .  . 

59 

56 

s . 

Light . 

NW. 

Sept.  12 .  . 

60 

58 

NW . 

Fresh . 

SE. 

Sept.  13 .  . 

62 

53 

E . 

. do . 

W. 

Sept.  14 .  . 

50 

60 

S . 

N. 

Sept.  1.5  . 

62 

55 

S . 

Light . 

NW. 

Sppt.  16. .  .  . 

62 

58 

SW . 

. do . 

NE. 

Sept.  17 .  . 

72 

58 

SE . 

. do . 

NW. 

Sept.  IS  . 

66 

62 

SW . 

. do . 

NE. 

Sept.  19  .  .  _ 

64 

60 

NW . 

Fresh . 

S. 

Sept.  20 .  . 

64 

60 

w . 

Light . 

NE 

Average . 

62.1 

58.0 

Sept.  21 .  . 

62 

58 

SE . 

Light . 

W. 

Sept.  22..  .  . 

62 

59 

SW . 

. do . 

NE. 

Sept  93 

65 

62 

s . 

Fresh . 

N. 

Sept.  24 . 

68 

61 

SW . 

. do . 

NE. 

Sept.  25 . 

59 

61 

N . 

Light . 

S. 

Sept.  2fi  __ 

64 

59 

NE . 

. do . 

SW. 

Sept.  27  .  .  _ 

69 

63 

WNW . . 

. do . 

NE. 

Sept.  2S . ‘ . 

59 

56 

SE . 

Fresh . 

NW. 

Sept.  °9 _ 

55 

59 

NW . 

High . 

SE. 

Sept.  30 _ 

60 

56 

SE . 

Light . 

NW. 

Average . 

62.3 

59.4 

WHITE  SHOAL  LIGHT,  LAKE  MICHIGAN. 


1911. 

June  11. . 

June  12. . 

June  13 . 

June  14 . . . 

June  15. . 

June  It' . 

June  17 . 

June  IS . 

June  19 . . 

June  20 . 


66 

52 

W  . 

Lis:ht . 

56 

51 

SW..  . 

Moder  its . 

60 

50 

NW 

Fresh . 

53 

SW  . 

Light . 

60 

S . 

. do . 

64 

58 

Calm  . . 

64 

58 

Calm _ 

66 

58 

SW.. 

Light . 

62 

59 

SW 

F  resh . 

64 

61 

SW..  . 

Light . 

61.7 

55.6 

Average 
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Observations  of  air  and  water  surface  temperatures,  wind,  and  current — Continued. 

WHITE  SHOAL  LIGHT,  LAKE  MICHIGAN— Continued. 


Temperature. 

Date. 

Air. 

Water. 

1911. 

June  21 . 

68 

61 

June  22 . 

69 

61 

June  23 . . . 

56 

54 

June  24 . 

57 

53 

June  25 . 

61 

55 

June  26 . . 

66 

58 

June  27 . 

65 

58 

June  28 . 

54 

56 

June  29 . . . 

60 

56 

June  30 . 

66 

57 

Average . 

62.2 

56.9 

July  1 . 

68 

57 

July  2 . 

66 

58 

July  3 . . . . . 

71 

61 

July  4 . 

72 

61 

July  5 . 

69 

61 

July  6 . 

65 

61 

July  7 . 

67 

61 

July  8 . 

75 

64 

July  9 . 

73 

64 

July  10 . 

71 

65 

Average . 

69.7 

61.3 

July  11 . 

70 

65 

July  12 . 

66 

64 

July  13 . 

69 

64 

July  14 . 

68 

64 

July  15 . 

68 

64 

July  16 . 

68 

64 

July  17 . 

68 

64 

July  18 . 

70 

64 

July  19 . 

68 

64 

July  20 . 

68 

64 

Average . 

68.3 

64.1 

July  21 . 

68 

62 

July  22 . 

68 

64 

July  23 . 

64 

63 

July  24 . 

58 

62 

July  25 . 

58 

59 

July  26 . 

64 

59 

July  27 . 

66 

60 

July  28 . 

69 

61 

July  29 . 

64 

61 

July  30 . 

68 

62 

July  31 . 

70 

62 

Average . 

65.2 

61.4 

Aug.  1 . 

68 

62 

Aug.  2 . 

64 

62 

Aug.  3 . 

62 

62 

Aug.  4 . 

68 

65 

Aug.  5 . 

68 

66 

Aug.  6 . 

74 

68 

Aug.  7 . 

69 

67 

Aug.  8 . 

65 

65 

Aug.  9 . 

72 

66 

Aug.  10 . 

67 

66 

Average . 

67.7 

64.9 

Aug.  11 . 

69 

66 

Aug.  12 . 

74 

67 

Aug.  13 . 

68 

66 

Aug.  14 . 

67 

66 

Aug.  15 . . . 

69 

66 

Aug.  16.  .• . 

72 

68 

Aug.  17 . . . 

70 

63 

Aug.  18 . 

70 

68 

Aug.  19 . 

72 

68 

Aug.  20 . 

68 

66 

Average . 

69.9 

66.9 

Wind. 


Direc¬ 

tion. 


Calm. 

SW.. 

E.... 

E.._. 

E..._ 

E.... 

W... 

NW.. 

NE.. 

E.... 


SW... 
SW... 
SW... 

N . 

SW... 
NW... 

E . 

SW... 

wsw... 
ssw. . . . 


SW... 
SW... 

wsw... 

SW... 
SW... 
NW... 
SW... 

s . 

NW... 

s . 


Strength. 


Moderate . 
Strong . . . 

. . . . .do. . . 
Moderate . 
Light .... 

_ do. . . 

Brisk. . . . 
Light .... 
Fresh .... 


NW. 

W.. 

s... 

w.. 

NW. 

SW. 

SW. 

SW. 

SW. 

SW. 

s... 


SE... 

SW.. 

E.... 

E..., 

SW.. 

Calm. 

E.... 

NW.. 

W... 

NE.. 


NW... 

NNW. 

SW... 

SW... 

w.... 

w.... 

NW.. 

NW... 

W.... 

SW... 


Moderate . 

- do. . . 

Light .... 

_ do. . . 

_ do. . . 

Fresh .... 
Moderate . 
Light .... 
Fresh .... 
Moderate . 


Strong . 
Light . . 
Fresh . . 
Light . . 

_ do. 

Fresh . . 
Strong. 
Light . . 
Fresh . . 
_ do. 


Fresh . . 

_ do. 

_ do. 

Gale . . . 
Strong. 
Light. . 

_ do. 

Fresh . . 

_ do. 

Light . . 
_ do. 


Light . , 
Fresh . , 

_ do. 

_ do. 

_ do. 


Strong. 

_ do. 

_ do. 

Light . . 


Light  . 
....do. 

_ do. 

_ do. 

_ do. 

_ do. 

_ do. 

Fresh . 

_ do. 

_ do. 


Direction  of 
current. 


E. 

W. 

NW. 

NE. 

SE. 

NW. 

E. 

E. 

SE. 


NE. 

S. 

E. 

E. 

E. 

SE. 

E. 

E. 

E. 

NE. 


SE. 

E. 

NE. 

SW. 

NE. 

NE. 

N. 

SW. 

NE. 

E. 


NW. 

NE. 

SW. 

N. 

NE. 

SW. 

w. 

s. 

E. 

NE. 


S. 

SW. 

NE. 

NE 

S. 

E. 

S. 

S. 

E. 

NE. 
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Observations  of  air  and  water  surface  temperatures,  wind,  and  current — Continued. 


WHITE  SHOAL  LIGHT,  LAKE  MICHIGAN— Continued. 


Date. 

Temperature. 

Wind. 

Direction  of 
current. 

Air. 

Water. 

Direc¬ 

tion. 

Strength. 

1911. 

72 

68 

SW . 

Fresh . 

NE. 

62 

66 

NW . 

. do . 

S. 

62 

66 

SW . 

E. 

68 

66 

SW . 

Light . 

NE. 

72 

68 

SW . 

. do . 

NE. 

68 

68 

SW . 

Fresh . 

NE. 

Ano*  97  . 

70 

64 

s . 

Strong . 

NE. 

63 

64 

NNW. .. 

. do . 

S. 

Aricr  9Q  .  . 

63 

66 

NW. ... 

Light . 

SE. 

62 

64 

N . 

. do . 

S. 

68 

64 

SW . 

Fresh . 

NW. 

Average . 

66.8 

65.8 

68 

64 

SW . 

Light . 

NE.,  strong. 

64 

64 

NW. . .. 

Gale . 

SW.,  strong. 

68 

64 

NW. . .. 

Light . 

S.,  strong. 

66 

64 

SW . 

. do . 

NE.,  strong. 

64 

64 

SE . 

. do . 

NW.,  strong. 

56 

61 

NE . 

. do . 

S.,  moderate. 

55 

60 

NE . 

Strong . 

SE.,  mod. 

fipnf  8  . 

60 

60 

NE . 

Moderate . 

E.,  strong. 

60 

61 

SW . 

Light . 

S.,  moderate. 

63 

61 

SW . 

. do . 

S.,  strong. 

Average . 

62.4 

62.3 

11  . 

62 

61 

SW . 

Strong . 

E.,  weak. 

56 

59 

NW .... 

Moderate . 

S.,  moderate. 

65 

60 

Calm.... 

W.,  weak. 

60 

60 

S . 

Strong . 

N.,  weak. 

59 

59 

SW . 

. do . 

NE.,  weak. 

Rpnt  1 . 

61 

59 

NW.  .  .. 

Light . 

S.,  weak. 

Sent  17  . 

60 

60 

E . 

Fresh . 

SW.,  strong. 

60 

64 

SW . 

Light . 

NE.,  strong. 

60 

64 

NW.  .  .. 

. do . 

SE.,  strong. 

59 

62 

SW . 

. do . 

NE.,  strong. 

Average . 

60.2 

60.8 

58 

60 

E . 

Light . 

NW.,  strong. 

Spnf  99  . 

58 

60 

SW . 

Fresh  . 

NE.,  strong. 

58 

58 

SW . 

Gale . 

Do. 

56 

58 

NW.  .  .. 

Strong . 

Do. 

54 

58 

N . 

Light . 

SW..  strong. 

51 

58 

W . 

. do . 

Do. 

57 

58 

NW.  .  .. 

Strong . 

S.,  moderate 

47 

57 

E . 

Fresh . 

SW.,  strong. 

48 

55 

NE . 

. do . 

NE.,  strong. 

52 

55 

SW . 

Light . 

SW.,  strong. 

Average . 

53.9 

57.7 

SPECTACLE  REEF,  LAKE  HURON. 


1911. 

60 

48 

NW . 

Fresh . 

50 

48 

Calm.. . . 

60 

50 

...do. . .. 

60 

52 

E . 

Light . 

70 

56 

Calm.. . . 

68 

52 

. .  .do. .  . . 

Tnno  IQ 

60 

54 

NW . 

Fresh . 

68 

56 

Calm.. . . 

Average . 

62.0 

52.0 

62  WATERWAY  LOCKPORT,  ILL.,  TO  MOUTH  OF  ILLINOIS  RIVER, 

Observations  of  air  and  water  surface  temperatures ,  wind ,  and  atrren£-— Continued . 
SPECTACLE  REEF,  LAKE  HURON — Continued. 


Date. 


1911. 

June  21 . . . 

June  22 . 

June  23 . . . . 

June  24 . . . 

June  25. . 

June  26 . . . 

June  27 . . . 

June  28 . 

June  29 . 

June  30 . . . . . 

Average . 


July  1 . 

July  2 . 

July  3 . 

July  4 . 

July  5 . 

July  6 . 

July  7 . 

July  8 . 

July  9 . 

July  10 . 

Average 

July  11 . 

July  12 . 

July  13 . 

July  14 . 

July  15 . 

July  16 . 

July  17 . 

July  18 . 

July  19 . 

July  20 . 

Average 

July  21 . . 

July  22 . . 

July  23 . . 

July  24 . . 

July  25 . . 

July  26 . . 

July  27 . 

July  28 . 

July  29 . 

July  30 . 

July  31 . 

Average . 

Aug.  1 . 

Aug.  2 . 

Aug.  3 . 

Aug.  4 . 

Aug.  5 . 

Aug.  6 . 

Aug.  7 . 

Aug.  8 . 

Aug.  9 . 

Aug.  10 . 

Average . 

Aug.  11 . 

Aug.  12 . 

Aug.  13 . 

Aug.  14 . 

Aug.  15 . 

Aug.  16 . 

Aug.  17 . 

Aug.  18 . 

Aug.  19. . 

Aug.  20 . 


Temperature. 

Wind. 

Direc¬ 

tion. 

‘  Direction  of 

Air. 

Water. 

Strength. 

current. 

64 

57 

SE . 

Fresh . . 

66 

58 

NW.... 

. do . . 

54 

56 

NE.... 

High . 

52 

54 

E . . 

. . .  „  .do. ..... 

58 

55 

SE...... 

....  .do . 

62 

53 

E . 

Fresh . 

64 

54 

NW . 

Light . 

52 

55 

. ..do. . .. 

High . 

64 

54 

SE . 

Light . 

61 

55 

...do. . .. 

. do . 

59.7 

55.1 

70 

66 

W . 

Light . 

74 

62 

Calm.... 

78 

68 

NW . 

Light . 

70 

60 

SE . 

. do . 

74 

60 

NW . 

. do . 

68 

60 

.  ..do . 

Brisk . 

66 

60 

SE...... 

Light . 

70 

62 

. .  .do _ 

Fresh . 

80 

62 

. .  .do. _ 

Light . 

70 

65 

NW . 

. do . 

72.0 

62.5 

78 

65 

SW . 

Brisk . 

64 

62 

NW . 

. do . 

65 

63 

. .  .do . 

. do . 

73 

61 

SE . 

Light . 

.  v  75 

63 

NW . 

Fresh . 

67 

62 

. . .do. _ 

Light . 

61 

62 

. . .do . 

Fresh . 

64 

62 

SE . 

Light . 

60 

58 

NE . 

. do . 

70 

62 

SE . 

. do . 

67.7 

62.0 

64 

62 

NW. . .. 

Brisk . 

64 

62 

. . .do. . . . 

_ .do . 

61 

61 

S . 

Light . 

52 

56 

SW . 

Gale . 

50 

50 

NW . 

Fresh . . 

60 

47 

Calm.. . . 

62 

50 

SE . 

Light . 

58 

52 

. .  .do. .  .. 

. do . 

62 

51 

NW . 

. do . 

72 

53 

Calm.. . . 

62 

52 

NE . 

Fresh . 

60.6 

54.2 

66  1 

64 

SE . 

Light . 

58  1 

56 

NW . 

. do . 

66 

64 

Calm.. . . 

66 

58 

SE . 

Light . . . 

68 

60 

SE . 

. do . 

70 

62 

Calm.... 

68 

58 

SE . 

High . 

■  60 

58 

NW . 

Brisk . 

66 

58 

NW . 

Fresh . i 

70 

59 

Calm.... 

65.8 

59.7 

66 

58 

NW . 

Light . 

70 

60 

NW . 

. do . 

70 

60 

Calm... . 

68 

62 

NW . 

Light . 

66 

64 

NW . 

Fresh . . 

68 

66 

NW . 

Light . 

66 

64 

NW . 

Brisk . 

64 

64 

NW . 

. do . 

62 

62 

NW . 

Light . 

68 

64 

SW . 

. do.... . 

66.8 

62.4 

Average . . 
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Observations  of  air  and  water  surface  temperatures ,  wind ,  and  current — Continued. 

SPECTACLE  REEF,  LAKE  HURON— Continued. 


Date. 


1911. 

Aug.  21 . 

Aug.  22 . 

Aug.  23 . 

Aug.  24 . 

Aug.  25 . 

Aug.  26 . 

Aug.  27 . 

Aug.  28 . 

Aug.  29 . 

Aug.  30 . 

Aug.  31 . 

Average . 

Sept.  1 . 

Sept.  2 . 

Sept.  3 . 

Sept.  4 . 

Sept.  5 . 

Sept.  6 . 

Sept.  7 . 

Sept.  8 . 

Sept.  9 . 

Sept.  10 . 

Average . 

Sept.  11 . 

Sept.  12 . 

Sept.  13 . 

Sept.  14 . 

Sept.  15 . 

Sept.  16 . 

Sept.  17 . 

Sept.  18 . 

Sept.  19 . 

Sept.  20 . 

Average . 

Sept.  21 . . . 

Sept.  22 . 

Sept.  23 . 

Sept.  24 . 

Sept.  25 . 

Sept.  26 . 

Sept.  27 . 

Sept.  28 . 

Sept.  29 . 

Sept.  30 . 

Average . 


Temperature. 

Wind. 

Air. 

Water. 

Direc¬ 

tion. 

Strength. 

70 

62 

SW . 

Light . 

62 

62 

NW . 

Brisk . 

66 

60 

NW . 

F  resh . 

70 

61 

SW . 

Light . 

73 

63 

Calm.. . . 

71 

64 

SE . 

Fresh . 

76 

64 

S . 

Light . 

61 

62 

NW . 

High . 

53 

60 

N . 

Light . 

58 

61 

SE . 

Fresh . 

62 

60 

SE . 

. do . 

65.6 

61.7 

64 

62 

Calm... . 

62 

62 

NW . 

Brisk . 

62 

60 

W . 

Light . . 

64 

60 

SE . 

. . . . .do . 

60 

60 

NE . 

Brisk . . 

58 

60 

NE . 

. do . 

52 

58 

SE . 

Gale . 

56 

56 

SE . 

Light . 

68 

60 

SW . 

. ..  T.do . 

61 

59 

NW.... 

. do . 

60.7 

59.7 

64 

58 

SW . 

Fresh . 

47 

56 

NW . 

High . 

56 

57 

E . 

Light . 

56 

56 

SE . 

Fresh . 

64 

57 

SW . 

High . 

60 

58 

NW . 

Light . 

60 

56 

SE . 

. . .  r.do . 

62 

58 

SE . 

. do . 

58 

56 

NW... 

Brisk . 

62 

58 

Calm.. . . 

58.9 

57.0 

62 

57 

SE . 

Light . 

65 

58 

SE.... 

.T.do . 

65 

59 

SE.... 

Fresh . 

53 

57 

NE . 

_ do . 

52 

57 

NE . 

_ do . 

60 

57 

Calm. . . . 

59 

57 

SW. .. 

High . 

52 

56 

E.. 

Light . 

48 

54 

SE. 

High . 

58 

54 

W.... 

Light . 

57.4 

56.6 

Direction  of 
current. 


POE  REEF  LIGHT  VESSEL,  LAKE  HURON. 


1911. 

June  11 . 

56 

53 

NE . 

Light . 

SW. 

June  12 . 

60 

52 

SE . 

...  7.  do . 

W. 

June  13 . 

64 

50 

NW . 

Fresh . 

E. 

June  14 . 

64 

54 

NW . 

Light . 

w. 

June  15 . 

69 

56 

NW . 

. do . 

N. 

June  16 . . . 

65 

56 

SE . 

. do . 

W. 

June  17 . 

70 

55 

E . 

. do . 

NW 

June  18 . 

67 

56 

NW . 

. do . 

SE. 

June  19 . 

69 

60 

NW . 

. do . 

S. 

June  20 . 

71 

64 

E . 

. do . 

W. 

Average . 

65.5 

55.6 

Average 
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Observations  of  air  and  water  surface  temperatures ,  wind,  and  current — Continued. 


POE  REEF  LIGHT  VESSEL,  LAKE  HURON— Continued. 


Date. 


1911. 

June  21 . 

June  22 . 

June  23 . 

June  24. . . 

June  25 . . 

June  26 . . 

June  27. . . 

June  28 . 

June  29 . 

June  30 . 

Average . 

July  1 . 

July  2 . . . 

July  3 . 

July  4 . 

July  5 . 

July  6 . 

July  7 . 

July  8 . 

July  9 _ : . 

July  10 . 

Average . 

July  11 . 

July  12 . 

July  13 . 

July  14 . 

July  15 . 

July  16 . 

July  17 . 

July  18 . 

July  19 . 

July  20 . 

Average . 

July  21 . 

July  22 . 

July  23 . 

July  24 . 

July  25 . 

July  26 . 

July  27 . 

July  28 . 

July  29 . 

July  30 . 

July  31 . . 

Average . . 

Aug.  1 . . 

Aug.  2 . . 

Aug.  3 . . 

Aug.  4 . . 

Aug.  5 . . 

Aug.  6 . . 

Aug.  7 . . 

Aug.  8 . . 

Aug.  9 . . 

Aug.  10 . . 

Average . 

Aug.  11 . 

Aug.  12 . 

Aug.  13 . 

Aug.  14 . 

Aug.  15 . 

Aug.  16 . . . 

Aug.  17 . 

Aug.  18 . 

Aug.  19 . 

Aug.  20 . 


Temperature. 

Wind. 

Direction  of 
current. 

Air. 

Water. 

Direc¬ 

tion. 

Strength. 

70 

64 

E . 

Light . 

W. 

E. 

W. 

W. 

SW. 

SE. 

SE. 

SE. 

W. 

SE. 

73 

65 

W...... 

52 

55 

E . 

Strong . 

55 

49 

E . 

60 

56 

SE . 

Light . 

59 

59 

E . 

Fresh . 

67 

57 

NW . 

Light . 

54 

52 

NW . 

60 

55 

E . 

64 

54 

NE . 

Fresh . 

61.4 

56.6 

72 

62 

NE . 

Light . . 

E. 

E. 

W. 

w. 

E. 

E. 

W. 

E. 

E. 

SE. 

79 

62 

W . 

74 

62 

W...... 

74 

64 

E . 

77 

64 

NW . 

72 

64 

NW . 

Fresh . 

70 

62 

E . 

74 

62 

SE . 

Light . 

90 

66 

sw . 

Fresh . 

75 

66 

NW . 

Light . 

75.7 

63.4 

80 

66 

NW . 

Strong . 

E. 

SE. 

NW. 

E. 

NE. 

SE. 

SE. 

W. 

SE. 

SW. 

67 

63 

NW . 

Moderate . . . 

71 

63 

N . 

Light . 

72 

65 

W . 

75 

65 

SW . 

. do . 

66 

65 

NW . 

69 

65 

NW . 

. do . 

69 

64 

E . 

. do . . 

66 

64 

N  W . 

Fresh . 

71 

66 

NE . 

Light . 

70.6 

64.6 

69 

64 

NW . 

Fresh . 

SW. 

E. 

N. 

E. 

SE. 

W. 

70 

64 

W . 

Light . 

63 

62 

s . 

_ _ _  do . . . . 

59 

56 

w . 

Fresh . 

58 

57 

NW . 

. ....  do . . . 

64 

58 

E . 

Light . 

68 

59 

E . 

. do . . 

S. 

E. 

SE. 

70 

58 

S . 

. do . . . 

70 

61 

Calm.... 

72 

63 

E . 

Light . 

SE. 

68 

64 

N . 

. do . 

SE. 

66.4 

60.5 

80 

64 

S . 

Light . 

N. 

E. 

75 

63 

w . 

. do . 

68 

59 

NE . 

....  .do.. _ _ _ ... 

W. 

W 

70 

60 

E . 

. do . . . . 

70 

66 

NE . 

. do . 

SE. 

75 

65 

NE . 

. do . 

SW. 

w. 

E. 

SE. 

69 

62 

E . 

Fresh . . 

64 

56 

W . 

_ .do . . . 

72 

62 

NW . 

. do . 

64 

60 

NE . 

Light . 

W. 

70.7 

61.7 

69 

61 

NE . 

Light . 

E. 

68 

63 

NW . 

...T.do. . . 

SW. 

E. 

SE. 

69 

63 

E. ...... 

. do . 

70 

65 

N . 

. do . . 

76 

64 

NW . 

. do. . . . 

SE. 

78 

69 

Calm... . 

SW 

69 

66 

NW . 

Light . . . 

SE 

68 

65 

NW . 

Fresh . . . 

S. 

66 

64 

NW . 

Light . 

SE 

76 

66 

NW..... 

. . . ;  .do . . 

S. 

70.9 

64.6 

Average 
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Observations  of  air  and  water  surface  temperatures ,  wind ,  and  current — Continued. 

POE  REEF  LIGHT  VESSEL,  LAKE  HURON— Continued. 


Date. 

Temperature. 

Wind. 

Direction  of 
current. 

Air. 

Water. 

Direc¬ 

tion. 

Strength. 

1911. 

/Ang  21  . 

72 

64 

SW . 

Fresh . 

NE. 

A  n?  22  . 

65 

64 

NW . 

. do . 

SE. 

Ang  23  . 

68 

64 

NW . 

Light . 

SE. 

Apg  24  . 

69 

65 

N . 

. . .  r.do . 

None. 

Ang  95  . 

69 

65 

E . 

. do . 

SE. 

Anj  26  . 

73 

66 

NW . 

. do . 

SE. 

An?  27  . 

75 

64 

SW . 

Fresh . 

E. 

An?  9S  . 

65 

59 

w . 

. do . 

E. 

A  n?  29  . 

62 

58 

N . 

Light . 

SW. 

Ang  30  .  . 

62 

61 

E . 

Fresh . 

W. 

Aug  31 . .  . 

65 

66 

E 

Light . 

N. 

Average . 

67.7 

63.3 

Sept.  1  . 

68 

64 

E . 

Light . 

E. 

Sept  2  . 

66 

58 

NW . 

Fresh . 

E. 

Sept,  3  _  . 

65 

58 

NW . 

Light . 

E. 

Sept  4  . 

64 

59 

E 

...r.do . 

W. 

Sept,  5  . 

66 

57 

E . 

. do . 

W. 

Sept,  6  . 

64 

58 

NE . 

. do . 

SW. 

Sept.  7  .  . 

59 

54 

E . 

Fresh . 

w. 

Sept  8  .  .  . 

56 

55 

SE . 

. do . 

E. 

Sept.  9  . 

59 

55 

NW . 

Light . 

E. 

Sept  10  . 

65 

57 

W . 

'...r.do . 

SE. 

Average . 

63.2 

57.5 

Sept.  11  . 

66 

57 

SW . 

Light  . 

E. 

Sept  12  .  .  . 

55 

56 

NW . 

...r.do . 

SE. 

Sept.  13  . 

58 

57 

E . 

. do . 

W. 

Sept.  14  . 

57 

56 

S . 

Fresh . 

w. 

Sept.  15 

67 

58 

w . 

. do . 

E. 

Sept.  16  .  . 

63 

58 

SW . 

Light . 

E. 

Sept.  17  . 

60 

56 

E . 

Fresh . 

W. 

Sept.  18 

66 

55 

s . 

Light . 

E. 

Sept.  19 

64 

56 

NW . 

. do . 

E. 

Sept.  20 

60 

57 

N . 

. do . 

SW. 

Average . 

61.6 

56.6 

Sept.  21  . 

60 

56 

SE . 

Light . 

NW. 

Sept.  22 

66 

57 

SW . 

. do . 

E. 

Sept.  23 

67 

58 

SW . 

. do . 

NE. 

Sept.  24 

59 

56 

NE . 

Fresh . 

SW. 

Sept.  25 

52 

55 

N . 

Light . 

SE. 

Sept.  26 

57 

57 

NE . 

. do . 

SW. 

Sept.  27 

62 

57 

W . 

Strong . 

E. 

Sept.  28 . 

59 

55 

E . 

Lightr . 

W. 

Sept.  29.. . 

55 

52 

NE . 

Fresh . 

W. 

Sept.  30  . 

54 

54 

SW . 

Light . 

E. 

Average . 

59.1 

55. 7 

HARBOR  BEACH  LIGHT,  LAKE  HURON. 


1911. 

June  11 

£2 

56 

SE . 

Fresh . 

June  12 

65 

60 

SW . 

. do . 

June  13. . . . 

64 

55 

N . 

. do . 

June  14 

64 

52 

N . 

Light . 

June  15 

62 

62 

N . 

. do . 

June  16 

62 

60 

S . 

. do . 

June  17 

64 

62 

SE . 

. do . 

June  18 

64 

66 

June  19 

74 

70 

SE . 

Light . 

June  20 

68 

65 

N . 

. do . 

Average . 

65. 9 

60.8 

— 

H.  Doc.  762,  6a 
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Observations  of  air  and  water  surface  temperatures ,  wind,  and  current — Continued. 


HARBOR  BEACH  LIGHT,  LAKE  HURON — Continued. 


Date. 


1911. 

June  21 . . . 

June  22 . . . 

June  23... . 

June  24 . 

June  25 . . 

June  26. . . 

June  27 . 

June  28 . 

June  29 . 

June  30 . 

Average . . . 


July  1 . 

July  2 . 

July  3 . 

July  4 . 

July  5 . 

July  6 . 

July  7 . 

July  8 . 

July  9 . 

July  10 . 

Average 

July  11 . 

July  12 . 

July  13 . 

July  14 . 

July  15 . 

July  16 . 

Julv  17 . 

July  18 . 

July  19 . 

July  20 . 

Average 

July  21 . 

July  22 . 

July  23 . 

July  24 . 

July  25 . 

July  26 . 

July  27 . 

July  28 . 

July  29 . 

July  30 . 

July  31 . . 

Average . 

Sept.  1 . 

Sept.  2 . 

Sept.  3 . 

Sept.  4 . . 

Sept.  5 . 

Sept.  6 . 

Sept.  7 . 

Sept.  8 . 

Sept.  9 . 

Sept.  10 . r . 

Average. 

Sept.  11 . 

Sept.  12 . 

Sept.  13 . 

Sept.  14. . 

Sept.  15. _ _ _ 

Sept.  16 . 

Sept.  17 . 

Sept.  18 . 

Sept.  19 . 

Sept.  20 . 

Average. 


Temperature.  [  \v  ind. 


Air. 

Water. 

Direc¬ 

tion. 

Strength. 

68 

65 

E. ...... 

Light  . 

84 

77 

W...... 

Eresh ...  - 

64 

62 

NE . 

....  .do . 

68 

64 

NE . 

Eight . 

78 

70 

SE . . 

....  .do . 

82 

74 

SE...... 

....  .do . 

82 

60 

SW . 

Fresh . 

68 

52 

NE . 

_ do . 

62 

65 

NE . 

Moderate . 

76 

62 

SE . 

Light . 

73.2 

65.1 

93 

67 

W . 

Light . . . 

98 

67 

W . 

....  .do. . . . 

96 

71 

w . 

.  .do. . . . 

74 

68 

N . 

.  .do . . 

86 

72 

E . 

....  .do. .... _ _ . » 

76 

68 

N . 

Fresh . 

78 

68 

NE . 

. do . 

68 

66 

SE . 

Light . 

94 

70 

SW . 

_ do . 

86 

72 

Calm.. . . 

84.9 

68.9 

86 

64 

SW . 

Light  .... 

72 

67 

SE . 

72 

68 

NE . 

.  .do . . 

78 

70 

NE . 

. do . 

80 

60 

SW . 

Fresh . 

72 

65 

E . 

Light . 

65 

64 

N . 

Fresh . 

76 

67 

SW . 

. .do. . . 

80 

68 

SW . 

. do . 

70 

64 

SE . 

75.1 

65.7 

. 

66 

68 

NE . 

Fresh . 

70 

65 

NW . 

78 

66 

SE . 

. do . 

65 

60 

W . 

Light . 

68 

56 

NW . 

Fresh . 

68 

60 

E . 

Light . 

70 

66 

SE . 

. do . 

70 

63 

SE . 

66 

62 

W . 

72 

68 

SE . 

70 

66 

SE . 

69.4 

63.6 

80 

66 

S . 

Light . . . 

78 

68 

SW . 

66 

66 

w . 

. . . . .do . 

69 

64 

SE . 

Fresh . . 

68 

64 

SE . 

62 

64 

NE..  ... 

. do . 

60 

60 

NE . 

72 

62 

E . 

Light . 

64 

62 

NE . 

78 

68 

w . 

69.7 

64.4 

78 

68 

SW . 

Fresh . 

60 

56 

NW. .  .. 

54 

56 

NE . 

Ligh  t . 

62 

60 

SE . 

Fresh . .  . 

72 

64 

w . 

76 

63 

w . 

65 

64 

NE . 

Light . . . 

70 

65 

S . 

Fresh . . 

62 

62 

N . 

59 

58 

NE . 

Light. . . 

65.8 

61.6 

Direction  of 
current. 


* 
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HARBOR  BEACH  LIGHT,  LAKE  HURON— Continued. 


Date. 

Temperature. 

Wind. 

Air. 

Water. 

Direc¬ 

tion. 

.uireciion  oi 
current. 

Strength. 

1911. 

Sept.  21 . . . 

60 

62 

SE . 

Fiesh . 

Sept.  22 . 

64 

62 

SE . 

Light . 

Sept.  23 . 

65 

63 

SE . 

F  resh . . 

Sept.  24 . 

70 

65 

NE . 

Light . 

Sept.  25 . 

64 

60 

NE  ...  . 

. do . 

Sept.  26 . 

58 

56 

N . 

. do . 

Sept.  27 . 

62 

68 

NW . 

Fresh . 

Sept.  28 . 

54 

56 

E . 

Sept.  29 . 

56 

58 

W . 

. do . 

Sept.  30 . 

58 

56 

NE . . . 

Light . 

A  verage . 

— 

61.1 

60.6 

LIGHTSHIP  NO.  61,  OFF  FORT  GRATIOT,  LAKE  HURON. 


1911. 

June  11 . 

78 

59 

SW . 

Light . . . 

June  12 . 

60  • 

57 

WSW... 

Fresh . . 

June  13 . 

62 

58 

NW . 

Moderate  . 

June  14 . 

65 

58 

NE . 

Light . . 

June  15 . 

64 

57 

NE  . 

June  16 . . . 

68 

58 

NE...  . 

June  17 . 

64 

58 

SE. 

do. . 

June  18 . 

72 

59 

SE.  . 

do. . 

June  19 . 

78 

60 

Calm.. . . 

June  20 _ _ 

79 

60 

NE  . 

Moderate 

Average . 

69.0 

58.  4 

June  21 . 

81 

62 

NE . .. 

Moderate 

June  22 . 

82 

63 

WNW . . 

Brisk-. 

June  23 . 

86 

64 

NE  . . 

Light  . 

June  24 . 

80 

64 

SE . 

do . 

June  25 . 

72 

65 

SSE .... 

do.... 

June  26 . 

82 

65 

SF. . 

do.... 

June  27 . 

84 

66 

W . 

F resh . . 

June  28 . 

67 

66 

NE  . 

Moderate  . 

June  29 . 

72 

67 

NE  . 

. do. . . 

June  30 . . 

70 

67 

NE...  . 

. do . 

Average . 

77. 6 

64.9 

July  1 . 

84 

69 

Calm 

July  2 . 

86 

69 

W 

Tap-lit 

Tuly  3 . 

84 

70 

WNW 

Moderate 

July  4 . 

78 

70 

NE  . 

do 

July  5 . 

80 

71 

SW.. 

do  . 

July  6 . . . . 

78 

70 

NE . . . 

do . . 

July  7 . . . 

80 

70 

NE 

do 

July  8 . 

80 

71 

NE  . 

do  . 

Jul  y  9 . . . 

86 

72 

s 

do 

July  10 . .  . 

85 

72 

N. 

Light 

Average . 

82.1 

70.4 

• 

July  11 . 

S2 

72 

W 

Moderate 

July  12 . 

78 

71 

NE  . 

T, relit 

July  13 . 

72 

70 

NW 

do . 

July  14 . 

82 

71 

WSW 

Moderate 

July  15 . 

72 

71 

SW . . 

do . 

: 

Oily  16 . . . 

70 

70 

ssw 

July  17 . 

69 

70 

NW 

Fresh 

fuly  18 . . . 

78 

69 

SW.. 

Moderate 

Orly  19 . 

76 

68 

SW  . 

Fresh . . 

Oily  20 . 

86 

69 

NE 

Light  - 

Average . 

76. 5 

70.1 

♦ 
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Observations  of  air  and  water  surface  temperatures ,  wind,  and  current— Continued . 

LIGHTSHIP  NO.  61,  OFF  FORT  GRATIOT,  LAKE  HURON— Continued. 


Date. 


1911. 

July  21 . 

July  22 . 

July  23 . 

July  24 . . 

July  25 . 

July  26 . 

July  27 . . . 

July  28 . 

July  29 . 

July  30 . 

July  31 . . . 

Average . 

Aug.  1 . 

Aug.  2 . 

Aug.  3 . 

Aug.  4 . . 

Aug.  5 . 

Aug.  6 . 

Aug.  7 . . . 

Aug.  8 . 

Aug.  9 . 

Aug.  10 . . 

Average . 

Aug.  11 . 

Aug.  12 . 

Aug.  13 . 

Aug.  14 . 

Aug.  15 . 

Aug.  16 . 

Aug.  17 . 

Aug.  18 . 

Aug.  19 . 

Aug.  20 . 

Average . 

Aug.  21 . 

Aug.  22 . 

Aug.  23 . 

Aug.  24 . 

Aug.  25 . 

Aug.  26 . 

Aug.  27 . 

Aug.  28 . 

Aug.  29 . 

Aug.  30 . 

Aug.  31 . 

Average . 

Sept.  1 . 

Sept.  2 . 

Sept.  3 . 

Sept.  4 . 

Sept.  5 . 

Sept.  6 . 

Sept.  7 . 

Sept.  8 . 

Sept.  9 . 

Sept.  10 . 

Average . 

Sept.  11 . 

Sept.  12 . . . 

Sept.  13 . . 

Sept.  14 . 

Sept.  15 . . 

Average . 


Temperature. 

Wind. 

Air. 

Water. 

Direc¬ 

tion. 

Strength. 

70 

68 

NE . 

F  resh . 

80 

68 

NW . 

.....  do . 

74 

67 

wsw... 

Moderate. . . . 

70 

66 

w. . 

Gale . 

60 

65 

N. . 

Brisk .... 

72 

64 

SW . 

Light . 

68 

64 

ENE.... 

.... .do . 

78 

65 

S... . 

. do . 

76 

66 

SW . 

Moderate . 

78 

66 

SW . 

.... .do . ..... . 

80 

67 

SW . 

_ .do . 

73.2 

66.0 

80 

66 

SW..... 

Gale . 

80 

68 

SW . 

Light . 

70 

67 

N. ...... 

_ .do . 

82 

68 

E.. . 

....  .do . 

84 

69 

SE . 

_ _  do . . . 

85 

69 

NNW... 

. do . 

84 

70 

SE...... 

. do . 

80 

69 

NW . 

Moderate . 

84 

69 

E . 

Light . 

84 

70 

NE . 

. do . 

81.3 

68.5 

70 

68 

N . 

Light ..... 

72 

67 

S . 

....".do . 

78 

67 

E . 

. do . 

78 

68 

E . 

_ .do . 

76 

68 

N . 

_ _ do . 

SO 

68 

S . 

_ .do. . . . 

78 

69 

E . 

_ _  .do . 

72 

68 

N . 

Fresh . 

68 

67 

NE . 

. do. _ _ 

68 

66 

NE . 

Moderate . 

74.0 

67.6 

77 

68 

S . 

Light . 

82 

68 

SW..,.. 

Fresh . 

76 

67 

NE . 

Moderate . 

77 

67 

E . 

Light . 

74 

66 

NE . 

....".  do . 

86 

68 

NE . 

. do . 

80 

68 

N . 

Fresh . 

78 

67 

N . 

....  .do. ..... . 

74 

66 

NNE.... 

Brisk . 

76 

65 

NE . 

Fresh . 

72 

65 

NE . 

Moderate . 

77.5 

66.8 

« 

76 

67 

NE . 

Light . 

80 

67 

S  St . 

. do . 

69 

66 

NE . 

Fresh . 

70 

66 

NE . 

Light . 

72 

67 

NE . 

. . .  ;.do . 

64 

66 

ESE.... 

Fresh . 

68 

65 

NE . 

_ _ do . 

69 

65 

NE . 

Light . 

78 

65 

N  vV . 

. do . 

74 

65 

N7V . 

_ _ do . 

72.0 

65.9 

- 

76 

65 

E . 

Light . 

62 

64 

N . 

Brisk . 

68 

64 

NE..... 

Moderate . 

65 

62 

SE . 

Fresh . 

78 

64 

NW . 

Light . 

69.8 

63.8 

Direction  of 
current. 
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Observations  of  air  and  water  surface  temperatures ,  wind ,  and  current — Continued. 

SAULT  STE.  MARIE  AND  SAILORS  ENCAMPMENT,  MICH.,  ST.  MARYS  RIVER. 


Date. 


1911. 

June  12 . 

June  13 . 

June  14 . 

June  15 . 

June  16 . 

June  17 . 

June  18 . 

June  19 . . 

June  20 . 

Average . 

June  21 . . 

June  22 . . 

June  23 . . 

June  24 . . 

June  25 . . . 

June  26 . . 

June  27 . . 

June  28 . . 

June  29 . 

June  30 . 

Average . 


July  1 . 

July  2 . 

July  3 . 

July  4 . 

July  5 . 

July  6 . 

July  7 . 

July  8 . 

July  9 . 

July  10 . 

Average . 

July  11 . 

July  12 . 

July  13 . 

July  14 . 

July  15 . 

July  16 . 

Julv  17 . 

July  18. . 

July  19 . 

July  20 . 

Average . 

July  21 . 

July  22 . 

Julv  23 . 

July  24 . 

July  25 . 

July  26 . 

July  27 . 

July  28 . 

July  29 . 

July  30 . 

July  31 . 

Average, 

Aug.  1 . 

Aug.  2 . 

Aug.  3 . 

Aug.  4 . 

Aug.  5 . 

Aug.  6 . 

Aug.  7 . 

Aug.  8 . 

Aug.  9 . 

Aug.  10....... 

Average 


Temperature  of 
water. 


Direction  and  strength  of  wind. 


Sault 

Ste. 

Marie. 

Sailors 

Encamp¬ 

ment. 

Sault  Ste.  Marie. 

Sailors  Encamp¬ 
ment. 

49.1 

53.0 

SE.,  light . 

S.,  light. 

49.1 

52.0 

N  .\  fresh . 

N  «v .,  fresh. 

49.1 

52. 5 

N  >V.,  light . 

AY.,  fresh. 

48.7 

52.0 

NW.,  fresh . 

N  >.v'.,  fresh. 

50.0 

52.0 

Calm . 

SE.,  fresh. 

50.0 

52.0 

N  vY.,  light . 

Do. 

53. 6 

53.0 

N  \Y.,  fresh . 

SE.,  light. 

54.5 

53.0 

. do . 

N  vV.,  fresh. 

50. 5 

52.4 

54.9 

54.0 

Calm . 

SE.,  light. 

54. 5 

55. 0 

. do . 

Do. 

54. 5 

56.0 

E.,  light . 

E.,  fresh. 

54.9 

56.0 

SE.,  light . 

SE.,  fresh. 

54. 0 

56.0 

SE.,  light . 

S.,  light. 

51.4 

58.0 

vv fresh . 

N  *V.,  fresh. 

49.6 

56.0 

N  fresh . 

AY.,  fresh. 

50.0 

56. 0 

SE.,  light . 

SAY.,  fresh. 

50.9 

55. 0 

. do . 

52.7 

55.  7 

52.7 

56.0 

Calm . . 

SE.,  light. 

56.3 

56.0 

W.,  light . 

Do. 

56.3 

60.0 

Calm . 

Do. 

57.2 

61.0 

NW.,  fresh . 

Do. 

59. 0 

65.0 

SE.,  light . 

SE.,  fresh. 

59.0 

63.0 

SE.,  fresh . 

Do. 

59.9 

64.0 

W.,  light . 

Do. 

57. 2 

60.7 

59.9 

64.0 

SW.,  fresh . 

SE.,  gale. 

60.8 

64.0 

NW.,  fresh . 

SE.,  fresh. 

59.9 

64.0 

NW.,  light . 

Do. 

59.9 

63.0 

W.,  light . 

Do. 

60.8 

62.0 

SW.,  fresh . 

Do. 

60.8 

62.0 

W.,  light . 

SE.,  light. 

62.6 

62.0 

S  E . ,  light . 

SE.,  fresh. 

62.6 

62.0 

NW.,  fresh . 

NW.,  fresh. 

62.6 

62.0 

Calm . 

SE.,  fresh. 

61.1 

62.7 

60.8 

64.0 

NW.,  fresh . 

NAY.,  fresh. 

60.8 

63.0 

. do . 

AY.,  fresh. 

59.0 

60.0 

Calm . 

SE.,  fresh. 

59.0 

60.0 

NW.,  fresh . 

AV.,  fresh. 

59.0 

61.0 

AY.,  light . 

Do. 

59.0 

61.0 

NW.,  light . 

E.,  fresh. 

59.9 

SE..  light . 

62.6 

61.0 

Calm . 

SAA'.,  fresh. 

62.6 

60.0 

SE.,  light . 

S.,  fresh. 

60.3 

61.2 

60.8 

63.0 

SE.,  light . 

AAh,  fresh. 

60.8 

63.0 

SAY.,  light . 

Do. 

60.8 

63.0 

E.,  light . 

AA'.,  light. 

62.6 

6S.0 

SE.,  light . 

E.,  light. 

62.6 

67.0 

S.,  light . 

E.,  fresh. 

61.7 

67.0 

SE.,  fresh . 

Do. 

60.8 

63.0 

AV.,  fresh . 

AV.,  fresh. 

59.0 

67.0 

NAAh,  fresh . 

Do. 

59.0 

67.0 

AY.,  light . 

SW.,  light. 

60.9 

65.3 
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SAULT  STE.  MARIE  AND  SAILORS  ENCAMPMENT,  MICH.,  ST.  MARYS  RIVER-Contd 


Date. 


Aug.  11. 
Aug.  12. 
Aug.  13. 
Aug.  14. 
Aug.  15. 
Aug.  16. 
Aug.  17. 
Aug.  18. 
Aug.  19. 
Aug.  20. 


1911. 


Average. 


Aug.  21. 
Aug.  22 . 
Aug.  23 . 
Aug.  24. 
Aug.  25 . 
Aug.  26 . 
Aug.  27. 
Aug.  28. 
Aug.  29. 
Aug.  30 . 
Aug.  31 . 


Average . 


Sept.  1.. 
Sept.  2. . 
Sept.  3.. 
Sept.  4.. 
Sept.  5.. 
Sept.  6. . 
Sept.  7. . 
Sept.  8 . . 
Sept.  9 . . 
Sept.  10. 


Average. 


Sept.  11. 
Sept.  12. 
Sept.  13. 
Sept.  14. 
Sept.  15. 
Sept.  16. 
Sept.  17. 
Sept.  18. 
Sept.  19. 
Sept.  20. 


Average. 


Sept.  21. 
Sept.  22. 
Sept.  23. 
Sept.  24. 
Sept.  25. 
Sept.  26. 
Sept.  27. 
Sept.  28. 
Sept.  29. 
Sept.  30. 


Temperature  of 
water. 


Sault 

Ste. 

Marie. 


59.0 

59.0 


59.0 

59.0 

60.0 

60.0 

62.0 

61.0 


59.9 


62.0 

61.0 

61.0 

61.0 

62.0 

62.0 


Sailors 

Encamp¬ 

ment. 


62.0 

68.0 


65.0 

63.0 

66.0 

64.0 

64.0 

67.0 


Direction  and  strength  of  wind. 


NW.,  light. 
W.,  light. . 


64.9 


61.0 

60.0 

60.0 

60.0 


61.0 


59.0 

60.0 


60.0 

60.0 

58.0 

58.0 

58.0 


59.0 


58.0 

58.0 

58.0 

58.0 

58.0 

58.0 


63.0 


61.0 

60.0 


61.3 


60.0 

60.0 


60.0 

60.0 

59.5 

59.5 

60.0 


59.9 


58.0 

57.0 

57.0 


57.8 


57.0 

57.0 

58.0 


57.0 

57.0 

56.0 

55.0 

54.0 

54.0 


56.1 


61.0 

59.0 

58.0 

58.0 

58.5 

59.0 


Calm . 

NW.,  fresh. 
W.,  light. . . 
NW.,  fresh. 

....  do . 

NW.,  light. 


SW.,  fresh. 
NW.,  fresh. 
NW.,  light. 

Calm . 

. do . 

SW.,  light. 


NW.,  fresh. 

- do . 

SE.,  light.. 
- do . 


Calm . 

NW.,  brisk. 


SE.,  light. 

Calm . 

E.,  light.. 

Calm . 

W.,  light.. 


61.0 

60.0 

59.0 


59.3 


58.5 

58.5 

59.0 


57.5 

57.0 

57.0 

55.0 

54.0 

54.0 


56.7 


SW.,  light.. 
NW.,  fresh. 

Calm . 

SE.,  light. . 
W.,  fresh... 
NW.,  light. 


Calm . 

NW.,  fresh. 
W.,  light... 


SE.,  light. 
SW.,  light. 
S.,  light... 


NW.,  light. 
W.,  light... 
NW.,  brisk. 

Calm . 

_ do . 

W.,  light... 


Sault  Ste.  Marie. 


Sailors  Encamp¬ 
ment. 


NW.,  fresh. 
S.,  fresh. 

NW.,  light. 
W.,  light. 
W.,  fresh. 
NW.,  fresh. 
Do. 

SE.,  fresh. 


W.,  fresh. 


SE.,  light. 


W.,  light. 
Do. 
Do. 


SE.,  light. 
NW.,  brisk. 
SE.,  light. 
SE.,  fresh. 
SW.,  fresh. 
NW.,  light. 

SE.,  light. 
NW.,  light. 
Do. 


Calm. 

SE.,  light. 
Do. 

NW.,  light, 
SE.,  light. 
NW.,  fresh. 
Calm. 

NE.,  light. 
Calm. 


Average 
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MACKINAC  ISLAND,  MICH. 


Date. 

Temperature. 

Wind. 

Direction 
of  current.1 

Air. 

Water. 

Direc¬ 

tion. 

Strength. 

1911. 

Jnnfl  11  . 

57 

51 

S.  by  W. 

Light . 

E.,  strong. 

Tnnp  19  . . 

58 

52 

W.by  S. 

. . .  :.do . 

W.,  1.25. 

Tnnp.  1.9  . 

65 

50 

N . 

. do . 

Tnnp  14  . 

62 

50 

. . . do  . . . 

. do . 

E.,  1. 

.Tnnp  15  . 

59 

54 

SW . 

. do . 

E. 

.Tnnp  10  . 

60 

55 

. .  .do  . . . 

. do . 

Tnnp  17  . 

62 

58 

SE . 

. do . 

E.,  1.2. 

Tnnp  18  . 

68 

58 

N.by  W 

. do . 

E.,  fast. 

.Tnnp  19  . 

w. 

Moderate . 

Do. 

.Tnnp  90  . 

72 

60 

E . 

Light . 

E.,  slow. 

Average . 

62.6 

54.2 

Tnnp.  91 

73 

60 

W.,  0.3. 

.Tnnp  99  . 

72 

60 

SW . 

Light . 

E.,  0.8. 

.Tnnp  98  . 

57 

58 

E . 

Heavy . 

W.,  fast. 

.Tnnp.  94  . 

56 

58 

...do . 

Light . 

E.,  fast. 

.Tnnp  95  . 

58 

59 

. .  .do . 

Moderate . 

W.,  1. 

.Tnnp  26  . 

61 

55 

NW . 

Light . 

E.,  slow. 

.Tnnp  97 

67 

59 

W . 

. do . 

E.,  0.7. 

Tnnp  98  (1  a,.  m  ) 

58 

58 

NW . 

Moderate . 

E.,  0.5. 

.Tunc.  28  (R  d  m  1 

58 

58 

. .  .do . 

. do . 

W.,  1.4. 

Tnnp  99  _ 

58 

59 

E . 

. do . 

w.;  o.4. 

.Tnnp  Sfl  (8  a  m.1  . 

'  67 

55 

. .  .do . 

Light . 

Do. 

Tnnp  80  HO  a.  m A  _ 

67 

55 

N . 

Moderate . 

E.,  0.4. 

Jiynp.  20  (12  m  ) 

E . 

. do . 

W.,  0.4. 

Average . 

62.7 

57.8 

.Tnly  1  . 

82 

62 

W . 

Moderate . 

.Tnly  2  . 

77 

60 

. .  .do . 

Light . 

E.,  slow. 

Tnly  8  . 

75 

59 

...do . 

. do . 

E.,verv  slow 

Julv  4 . 

72 

60 

E . 

. do . 

W.,  1.1. 

July  5 . 

72 

60 

NW . 

. do . 

E.,  0.6. 

July  6 . 

71 

60 

W . 

. do . 

July  7  . 

66 

60 

E . 

. do . 

W.,  slow. 

Tnly  8  .... 

67 

61 

NE . 

. do . 

E.,  slow. 

July  9  . 

84 

64 

W . 

. do . 

E.,  0.5. 

July  10 

72 

64 

. .  .do . 

. do . 

Do. 

Average . 

73.8 

61.0 

July  11  . 

74 

64 

SW . 

Light . 

E.,  fast. 

July  12 

62 

59 

...do . 

. do . 

E.,  slow. 

July  18  . 

64 

61 

.  ..do . 

. do . 

E. 

.Tnly  14 

70 

62 

W . 

. do . 

E.,  0.9. 

.Tnly  15 

74 

60 

. .  .do . 

. do . 

E.,  1.5. 

July  16 

62 

61 

NE . 

. do . 

W.,  3. 

July  17 

68 

62 

SW . 

. do . 

E.,  1. 

July  18 

70 

62 

s . 

. do . 

W.,  fast. 

July  19 

64 

62 

NE . 

. do . 

E.,  1.8. 

July  20 

72 

62 

NW . 

. do . 

E.,  0.2. 

Average . 

_ 

68.0 

61.5 

July  21 

72 

60 

W . 

Light . 

E.,  fast. 

July  22 

68 

60 

. .  .do . 

. do . 

E.,  0.5. 

Average . 

70.0 

60.0 

1  Figures  refer  to  miles  per  hour 
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Appendix  D. 

Gen.  William  H.  Bixby, 

President  of  Board. 

Sir:  In  compliance  with  the  request  of  the  board  I  have  prepared 
the  following  considerations  in  connection  with  that  clause  of  the  act 
of  Congress  creating  the  board,  which  directs  that  the  board  shall 
consider  and  report  upon  the  improvement  of  the  Mississippi  River, 
between  the  mouth  of  the  Illinois  River  and  the  mouth  of  the  Ohio 
River,  by  the  construction  of  a  dam  at  or  near  Jefferson  Barracks  and 
a  dam  at  or  near  Commerce  and  the  development  of  water  power 
incidentally  created  by  such  dams. 

The  Lakes  to  the  Gulf  Deep  Waterway  Association,  at  a  hearing  at 
St.  Louis,  presented  orally  to  this  board  by  the  consulting  engineer 
of  that  association,  Mr.  Lyman  E.  Cooley,  civil  engineer,  the  general 
features  of  this  proposed  improvement  of  the  Mississippi  River  and 
the  incidental  development  of  water  power,  together  with  details  as 
to  various  related  points.  At  the  same  time  Mr.  Cooley  gave  to  the 
board  a  written  statement  including  a  memorandum  as  to  the  middle 
Mississippi,  Grafton  to  Cairo,  with  a  supplemental  memorandum  as  to 
water  power  with  steam  auxiliary.  Soon  afterwards  he  sent  to  the 
president  of  the  board  a  memorandum  (No.  2)  covering  u certain 
specific  questions  asked  at  the  hearing’’  and  being  “an  extension  of 
the  memorandum  furnished  at  the  hearing.”  He  also  sent  a  copy 
of  a  profile  referred  to  in  these  memoranda. 

These  documents  are  appended  hereto  as  Appendix  No.  1. 

There  is  given  in  them  in  considerable  detail  an  exposition  of  the 
project  thus  suggested  as  an  improvement  of  the  river  between  Graf¬ 
ton,  the  mouth  of  the  Illinois,  and  Cairo,  the  mouth  of  the  Ohio.  In 
these  documents  it  is  stated  that  the  distance  between  these  points 
is  212  miles,  with  a  fall  at  normal  low  water  of  132  feet  and  an  average 
slope  of  0.622  foot  per  mile;  that  the  significant  high  water  is  the 
bank-full  stage  above  which  the  water  has  ranged  only  80  days  in 
40  years,  that  extreme  high  water  as  in  1844  and  1903  occurs  perhaps 
twice  in  a  century,  but  must  be  reckoned  with  in  constructing  em¬ 
bankments  and  provision  made  for  these  volumes  at  structures;  the 
bank-full  volume  is  taken  at  620,000  second-feet  (606,000  plus  14,000 
from  Lake  Michigan) ;  the  significant  low  water  is  taken  as  at  1  foot 
on  St.  Louis  gauge  with  a  volume  of  41,000  second-feet  below  which 
the  water  has  ranged  for  48  days  in  40  years,  this  volume  to  be  in¬ 
creased  to  55,000  second-feet  by  the  addition  from  Lake  Michigan; 
the  project  proposed  involves  the  construction  of  two  dams  which 
together  with  changes  in  the  river  bed  below  will,  it  is  stated,  greatly 
reduce  the  declivity  and  enable  a  larger  depth  to  be  obtained  for 
navigation;  that  a  free  fall  at  each  dam  will  be  produced  between 
the  significant  stages  hereinbefore  stated  and  a  large  water  power 
made  incidentally  available;  one  of  the  dams  to  be  located  from 
7  to  12  miles  below  the  Eads  Bridge  at  St.  Louis,  the  other  in  the 
vicinity  of  Commerce,  some  36  miles  above  the  confluence  of  the 
Ohio  River;  for  each  dam  a  spillway  length  is  proposed  of  4,000  feet, 
of  which  3,000  is  to  be  fixed  weir  and  1,000  to  consist  of  bear-trap 
section  with  a  range  of  15  to  16  feet  below  fixed  weir  level;  the  fixed 
spillway  to  be  an  equilateral  slant  form  upstream,  the  apex  in¬ 
closing  60  degrees,  the  bear-trap  section  athwart  the  stream,  thus 
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giving  a  net  length  athwart  the  stream  of  2,500  feet,  or  with  abut¬ 
ments  one-half  mile;  the  arrangement  of  bear  trap  and  spillways 
can  be  varied  to  suit  conditions. 

The  suggested  elevation  of  the  crest  of  the  dam  near  Jefferson 
Barracks  is  413  Memphis  datum. 

The  location  suggested  for  the  other  proposed  dam  is  at  or  near 
Commerce  with  an  elevation  of  crest  of  343. 

The  above  are  extracts  from  the  documents  presented  as  above 
explained  and  appended  hereto. 

Jefferson  Barracks  he  on  the  west  or  Missouri  bank  of  the  Missis¬ 
sippi  River  south  of  the  city  of  St.  Louis  and  about  11  miles  below 
the  Eads  Bridge.  At  the  request  of  this  board  a  survey  was  made 
by  the  United  States  Engineer  Office  at  St.  Louis,  and  an  outline 
map,  profile,  and  cross  section  of  the  river  were  furnished,  extending 
from  the  Eads  Bridge  to  Waters  Point,  below  the  mouth  of  the 
Meramec  River,  a  distance  of  21  miles.  This  showed  the  locations 
and  depths  of  some  60  borings  to  bedrock,  six  sections,  of  the  river 
channel,  and  two  cross  sections  extending  from  Missouri  bank  to  the 
bluffs  on  the  Illinois  or  eastern  bank.  The  profile  shows  the  plane 
of  gauge  zeros,  the  slopes  of  standard  low  water,  and  of  the  floods  of 
1903  and  of  1844.  It  also  indicates  an  approximate  profile  of  the 
elevation  of  bedrock  along  a  line  about  3,000  feet  from  the  Missouri 
bluffs,  thus  shoving  the  depths  which  the  foundations  of  a  dam 
must  reach. 

The  elevation  of  the  bedrock  was,  at  the  two  deeper  piers  of  the 
Eads  Bridge,  293.8  and  301.8  (all  elevations  are  referred. to  Memphis 
datum) ;  at  the  two  deeper  piers  of  the  new  municipal  bridge  (a  little 
over  a  mile  below  Eads  Bridge),  292  and  302.  The  bedrock  rises 
thence  till  at  a  point  opposite  the  southern  part  of  St,  Louis,  about 
7 1-  miles  below  Eads  Bridge,  it  is  at  about  308.  This  is  at  the  foot  of 
Steins  Street.  Thence  the  rock  falls  to  a  point  17  miles  from  Eads 
Bridge,  where  it  is  263.  Then  it  rises  to  a  point  near  the  mouth  or 
the  Meramec  River,  where  it  is  303.7.  Thence  it  drops  southerly. 

The  location  opposite  Steins  Street  has  the  highest  bedrock,  and  a 
full  cross  section  with  borings  to  rock  was  there  made,  extending 
from  the  Missouri  rocky  bank  to  the  high  Illinois  bluff.  A  descrip¬ 
tion  of  this  cross  section  follows  later. 

Another  full  cross  section  with  borings  to  rock,  at  13  miles  below 
Eads  Bridge,  is  given  on  the  chart  made  in  1908,  accompanying  the 
report  of  the  Board  on  Survey  of  the  Mississippi  (the  14-foot  channel 
report).  At  this  location  the  bedrock  under  t.he  channel  is  at  eleva¬ 
tion  290.6.  The  low-water  channel  has  a  width  of  3,200  feet;  at 
bank-full  stage,  a  width  of  3,300  feet.  At  the  plane  of  the  flood  of 
1903  the  water  v'ould  extend  to  the  Illinois  bluff  with  a  width  ol 

17.300  feet.  Greatest  depth  of  river  channel  below  extreme  low' 
v'ater,  13  feet.  Bedrock  is  about  94  feet  below7  extreme  low'  water. 

Another  full  cross  section  with  borings  to  rock  v'as  made  18^  miles 
below'  Eads  Bridge,  near  the  mouth  of  the  Meramec.  River.  At  this 
location  the  width  of  the  river  channel  at  low  water  is  3,000  feet,  and 

3.300  feet  when  the  river  is  21  feet  above  the  plane  of  zero  stage.  At 
bank-full  stage  the  width  is  4,200  feet.  There  is  a  levee  here  which 
apparently  guards  the  lowlands  up  to  the  elevation  of  the  flood  ol 
1903.  The  land  between  this  levee  and  the  Illinois  bluff  is  from  2  to 
12  feet  below  the  plane  of  that  flood,  and  any  increase  of  flood  eleA  a- 
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tion  above  the  plane  of  1903  would  take  the  water  to  that  bluff,  with 
a  total  width  of  22,900  feet  (4J  miles).  This  would  be  the  width  of  area 
submerged  by  a  flood  of  a  volume  such  as  that  of  1844.  The  great¬ 
est  depth  from  low  water  to  river  bottom  in  existing  channel  at  this 
particular  point  is  9  feet.  The  bedrock  here  under  the  river  channel 
at  2,500  feet  from  the  Missouri  bank  is  about  93  feet  below  low  water, 
and  this  depth  continues  to  3,000  feet  from  that  bank.  The  bed¬ 
rock  then  rises  slightly,  and  at  6,000  feet  is  about  87  feet  below  the 
plane  of  low  water. 

At  the  Stein  Street  location  the  width  of  the  channel  at  low  water 
(plane  of  zero,  St.  Louis  gauge)  is  about  1,660  feet.  At  bank-full 
stage  1,900  feet.  At  a  slight  rise — about  2  feet — above  bank-full 
stage,  the  water  will  overflow  the  bank  and  the  low  ground  to  the 
east  and  extend  to  an  existing  levee  at  a  distance  of  4,665  feet  from 
the  Missouri  bank.  This  levee  is  at  the  elevation  of  the  plane  of  the 
flood  of  1903  and  is  designed  to  protect  the  village  of  East  Carondelet. 
A  slight  elevation  of  a  flood  above  the  plane  of  1903  would  carrv  the 
water  to  the  Illinois  bluffs  and  give  a  width  of  water  of  19,580  feet 
(3.7  miles).  The  land  between  this  levee  and  the  Illinois  bluff  is 
fairly  level  at  an  elevation  from  4  to  12  feet  below  the  plane  of  flood 
of  1903.  The  elevation  of  the  flood  of  1844  was  at  this  point  424.6 
and  of  that  of  1903,  420.6.  The  greatest  depth  from  low  water  to 
river  bottom  in  existing  channel  at  this  point  is  17  feet.  Bedrock 
under  the  river  channel  is  76  feet  below  low  water  at  1,700  feet  from 
the  Missouri  bluff  and  774-  feet  below  low  water  at  3,000  feet  and  76 
feet  at  6,000  feet. 

Plate  No.  1  is  a  section  of  the  valley  at  Stein  Street  from  the  Mis¬ 
souri  to  the  Illinois  bluff.  Plate  No.  2  is  a  section  on  larger  scale  of  the 
river  and  adjacent  territory  showing  elevations  of  rock  and  of  earth 
on  the  line  of  the  proposed  dam. 

The  depth  of  bedrock  below  low  water  is  an  important  element  in 
a  study  of  the  possibility  of  construction  and  in  an  estimate  of  cost 
of  a  dam.  This  depth  at  the  three  characteristic  sections  is: 

Feet 


At  74  miles  below  Eads  Bridge . . . . .  774 

At  13  miles  below  Eads  Bridge .  94 

At  184  miles  below  Eads  Bridge . .  93 


In  this  respect  the  location  at  Stein  Street,  7J  miles  below  Eads 
Bridge,  is  the  best. 

The  construction  of  a  dam  at  or  near  Jefferson  Barracks  will,  to  a 
greater  or  less  extent,  affect  the  elevations  of  the  river  surface  in  front 
of  and  above  the  cities  of  St.  Louis  and  East  St.  Louis.  In  a  report, 
May  3,  1906  (H.  Doc.  No.  772,  59th  Cong.,  1st  sess.),  made  by  Maj. 
Thomas  L.  Casey,  Corps  of  Engineers,  upon  the  harbor  and  ap¬ 
proaches  to  St.  Louis,  with  a  view  to  preventing  floods  by  reason  of 
obstructions  in  the  Mississippi  River,  and  in  the  appendix  to  that 
report,  and  in  the  report  of  the  division  engineer,  the  report  of  the 
Board  of  Engineers  for  Rivers  and  Harbors,  and  the  letter  of  trans¬ 
mission  of  the  Chief  of  Engineers,  all  of  which  are  printed  in  the  docu¬ 
ment,  much  information  is  given  and  conclusions  expressed  bearing 
directly  upon  the  questions  now  under  consideration.  Summarized, 
some  of  these  are  as  follows : 

The  heights  of  floods  along  the  harbor  front  of  St.  Louis  have  of 
late  years  increasingly  overtopped  the  banks  by  reason  of  the  obstruc- 
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tion  and  narrowing  of  the  Mississippi  River  by  bridges,  with  their  piers 
and  approaches,  by  railway  inclines  and  embankments,  loading  tip¬ 
ples,  elevators,  warehouses,  powerhouses,  local  levees,  etc.,  built  along 
the  water  front  on  both  sides  of  the  river.  The  large  district  in  Illi¬ 
nois  on  the  east  side  of  the  river,  known  as  the  American  Bottoms,  is 
from  2  to  10  miles  wide  and  embraces  about  160  square  miles,  most 
of  which  is  subject  to  overflow,  being  barely  above  the  plane  of  the 
ordinary  yearly  high  water.  It  is  fertile,  valuable,  and  the  seat  of 
many  rapidly  growing  manufacturing  towns,  including  East  St.  Louis, 
Brooklyn,  Venice,  Madison,  and  Granite  City:  is  crossed  by  16  trunk 
railway  lines,  6  electric  roads,  and  is  a  vast  railroad  yard  and  terminus. 
Its  population  (1905)  was  50,000,  increasing  rapidly.  The  greater 
part  of  the  district  had  been  made  reasonably  secure  by  levees  against 
flood  as  in  1892,  rising  as  high  as  6  feet  above  bankfull  stage  :  but 
with  the  crowding  of  many  interests  along  the  main  river  bank,  grad¬ 
ually  narrowing  the  stream  to  a  low-water  width  of  1,600  feet  and  a 
high-water  width  of  less  than  2,500  feet,  and  the  consequent  raising 
of  the  flood  levels,  these  structures  were  found  inadequate  in  the  flood 
of  1903  and  a  comprehensive  scheme  for  protection  was  urgently 
demanded.  An  examination  was  made  of  the  records  of  previous 
floods  and  of  the  effect  of  contractions  of  the  river.  The  greatest 
flood  recorded  was  that  of  1844,  which  reached  41.4  on  the  St.  Louis 
gauge.  Others  were  in  1785,  40.7:  1851,  36.6;  1858,  37;  1892,  36: 
1903,  38,  the  last  causing  more  pecuniary  damage  locally  than  all  the 
others  combined  owing  to  the  increased  population  and  greater  inter¬ 
ests  involved.  But  this  flood  of  1903,  the  third  highest  at  St.  Louis, 
was  there  abnormally  high,  rising  about  2.7  feet  above  the  natural 
height  due  to  its  volume'  as  evidenced  by  comparison  of  its  high- 
water  marks  with  those  of  1844  at  places  below  the  city  where  the 
cross-sections  have  not  been  materially  changed.  In  the  order  of 
volumes  of  discharge  at  crest  the  flood  of  1903  drops  to  fifth,  being 
below  those  also  of  1851  and  1858,  both  of  which  it  passed  in  gauge 
height  at  St.  Louis  by  reason  of  the  contraction  of  the  waterway  and 
not  so  much  by  obstructions  in  the  river  as  by  the  levees  which  en¬ 
croached  upon  the  flood-water  section.  In  1844  the  flood  plane  ex¬ 
tended  from  bluff  to  bluff,  miles  at  site  of  Eads  Bridge;  in  1903  the 
flood  planehad  been  contracted,  principally  by  levees,  to  widths  of  about 
3,500  feet  at  the  Merchants  Bridge  and  2,000  feet  at  Eads  Bridge. 

The  occurrence  of  another  flood  equal  in  volume  to  that  of  1844  is 
by  no  means  improbable.  Although  its  height  can  be  a  matter  of 
conjecture  only,  it  was  certainly  not  less  than  6  feet  above  that  of 
1903  (or  44  feet  on  St.  Louis  gauge),  since  its  recorded  height  is  about 
that  amount  above  the  natural  plane  of  1903.  The  crest  discharge 
of  the  flood  of  1844  is  estimated  at  1,360,000  cubic  feet  per  second. 
To  determine  the  probable  gauge  height  to  which  such  a  flood  as  that 
of  1844  would  rise  when  confined  by  levees,  practically,  to  the  narrow 
channel  afforded  at  the  site  of  the  Eads  Bridge,  reference  is  made  to 
official  reports  stating  the  actual  effects  of  this  confinement  on  the 
flood  of  1892  and  the  slightly  greater  one  of  1903,  where  the  following 
conclusion  is  reached: 

Since  the  flood  of  1892  was  forced  from  a  probable  height  q f  34.1  feet  to  36  feet  (1.9 
feet)  and  the  somewhat  greater  flood  of  1903  from  35.3  feet  to  38  feet  (2./  feet),  it  is 
safe  to  say  that  the  enormously  greater  volume  of  a  flood  equal  to  that  of  1844  will 
lift  its  crest  at  least  3.5  feet,  or  to  the  45-foot  mark  upon  the  gauge. 
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This  plane  is  as  low  as  can  be  risked,  although  it  is  above  the  level  of  the  skew 
backs  to  the  superstructure  of  the  Eads  Bridge,  the  lowest  of  which  were  placed  at 
the  flood  plane  of  1844  (41.4  feet  above  the  zero  gauge),  and  will  submerge  the  lower 
ends  of  the  steel  arches. 

In  order  that  the  enormous  volume  of  such  a  flood  may  pass  the  openings  of  this 
bridge  below  the  plane  of  45  feet  with  a  velocity  within  limits  of  experience  on  the  river 
great  scour  must  take  place  on  the  sand  deposit  over  the  rock  stratum  upon  which  the 
bridge  is  founded.  The  cross  section  between  the  45-foot  plane  and  the  sand  bottom 
at  ordinary  stages  is  about  95,000  square  feet.  To  pass  through  it  a  volume  of  1,360,000 
cubic  feet  per  second  would  require  a  mean  velocity  of  14.3  feet  per  second,  greater 
than  has  ever  been  measured  in  this  river,  and  which  would  give  a  surface  velocity 
of  more  than  12  miles  per  hour.  To  increase  the  cross  section  by  complete  scour  to  the 
170,000  square  feet  available  at  the  bedrock  would  reduce  the  mean  velocity  to 
8  feet,  an  extraordinary  but  permissible  rate  of  flow,  but  the  probability  is  that  the 
duration  of  the  rise  of  the  flood  would  be  entirely  too  short  to  effect  such  great  scour 
and  that  the  crest  volume  would  be  forced  through  a  cross  section  somewhat  mean  to 
t  ese  two  and  with  a  corresponding  mean  velocity  of  about  11  feet  per  second. 

The  above  is  summarized,  the  last  three  paragraphs  quoted  ver¬ 
batim,  from  the  report  of  Mr.  William  S.  Mitchell,  assistant  engineer, 
dated  December  2,  1905,  and  printed  in  the  document.  It  must  be 
noted  particularly  that  in  his  opinion  the  45-foot  mark  upon  the  gauge 
is  as  low  as  can  be  risked  for  a  flood  with  a  volume  of  that  of  1844." 

The  officer  in  charge  of  the  district,  Maj.  Casey,  states  that  the 
railroad  embankment  on  these  lowlands,  in  conjunction  with  the  two 
bridges  crossing  the  river  to  St.  Louis,  form  obstructions  to  the  free 
flow  of  high  floods  and  have  materially  raised  the  average  height  of 
these  floods,  as  clearly  shown  by  the  fact  that  the  great  flood  of  1903 
while  only  the  fifth  in  point  of  volume  that  lias  occurred  within  historic 
times  was  the  third  as  regards  height  in  feet  on  the  St.  Louis  gauge. 
A  plan  is  recommended  for  protecting  the  lowlands  on  the  east  side 
from  excessive  floods,  involving  a  high  levee  extending  from  the 
northern  limiting  bluff,  along  the  river  bank  to  Prairie  du  Pont  Creek, 
making  use  wherever  practicable  of  railroad  embankments  and  old 
levees.,  this  levee  at  its  southern  end  to  extend  easterly  and  north¬ 
erly  along  a  channel  for  the  Cahokia  Creek,  the  waters  of  which  would 
go  to  the  river  through  Prairie  du  Pont  Creek.  The  assumed  refer¬ 
ence  of  the  crest  of  the  levees  is  45  on  the  St.  Louis  gauge  at  that 
point,  allowance  being  made  at  other  points  for  a  water  slope  of  0.6 
foot  per  mile.  The  factor  determining  this  height  for  levees  was  the 
flood  of  1844,  the  crest  of  which  registered  41.4.  It  was  considered 
impossible  to  compute  accurately  the  extra  elevation  due  to  the  con¬ 
finement  of  such  a  flood  between  the  Illinois  levees  and  the  St.  Louis 
shore,  but  an  allowance  of  3|  feet  was  thought  to  be  probably  on  the 
safe  side.  Perhaps  even  this  might  not  be  sufficient  allowance  were 
it  not  for  the  fact  that  the  river  bottom  along  the  reach  considered  was 
everywhere,  as  far  as  known,  soft  for  at  least  20  feet  from  the  present 
bottom,  and  it  was  thought  that  with  the  increased  velocity  due  to  an 
excessive  flood  thus  confined  there  would  be  very  substantial  scour 
of  the  river  bottom,  perhaps  enough  to  neutralize  a  large  part  of  the 
rise  due  to  contraction  alone.  The  plan  recommended  53  miles  of  levees 
on  the  Illinois  side  and  also  11  miles  of  levees  on  the  Missouri  side. 

The  report  of  the  division  engineer,  Lieut.  Col.  Bixby,  expressed 
the  opinion  that  the  constructions  so  made  — 

will  undoubtedly  increase  the  height  of  the  Mississippi  floods  in  this  locality,  and 
thereby  cause  increased  current  velocities  in  the  river,  extra  scour  and  damage  to 
lands,  excessive  scour  of  river  bed  in  this  locality,  with  corresponding  undesirable 
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bar  deposits  farther  downstream,  and  extra  difficulties  to  navigation  during  such 
floods,  all  to  the  detriment  of  navigation  interests,  so  that  it  appears  to  me  that  the 
cost  of  such  work  should  not  be  borne  by  the  appropriation  for  the  improvement  of 
the  Mississippi  River,  but  should  be  borne  either  by  the  parties  whose  properties 
are  to  be  thus  protected,  or  by  some  special  appropriation  for  protection  of  private 
properties. 

It  also  appears  to  me  that  the  direct  and  more  proper  method  of  "preventing  floods 
by  reason  of  obstructions'’  would  be  by  removal  of  the  obstructions  themselves, 
instead  of  by  addition  of  other  obstructions.  The  obstructions  to  be  thus  removed 
would  naturally  be  those  which  have  been  inserted  since  the  river  improvement  lias 
commenced,  so  far  as  such  obstructions  increase  the  height  of  floods  in  the  river,  and 
should  include,  first  and  foremost  (a),  all  buildings  and  embankments  which  now 
stand  in  front  of  the  United  States  established  harbor  lines;  next  ( b )  these  between 
low-water  line  and  freshet  line,  which  are  not  absolute  necessities  to  transp;  rtation 
and  which  interfere  with  the  run-off  of  water.  Under  the  latter  head  I  consider 
railroad  bridge  piers  and  masonry  abutments  as  necessary,  but  solid  filled  embank¬ 
ments  as  unnecessary,  and  I  consider  as  especially  unnecessary  all  other  buildings 
and  fillings  which  have  been  constructed  in  localities  previously  flooded  by  freshets. 

In  its  report  the  Board  of  Engineers  for  Rivers  and  Harbors  called 
attention  to  the  fact  that  by  improvement  of  the  harbor  of  St.  Louis, 
confining  the  low-water  discharges  to  the  channel  in  front  of  the 
city  by  closing  the  chutes  behind  the  islands  on  the  opposite  bank 
and  contracting  its  width  to  about  1.500  feet,  an  extensive  area  of 
land  on  the  Illinois  shore  has  been  reclaimed  and  valuable  property 
now  in  East  St.  Louis  was  formerly  part  of  the  river  bed  or  low 
islands  separated  from  the  Illinois  shore  by  the  channel  of  the  Mis¬ 
sissippi.  Constructions  in  this  locality  have  reduced  the  natural 
width  of  the  river  from  6  miles  to  about  2,000  feet.  The  channel 
is  further  contracted  by  the  piers  and  approaches  of  the  bridges 
and  there  has  resulted  a  material  increase  in  flood  heights.  Refer¬ 
ring  to  the  effect  of  confining  a  flood  such  as  that  of  1844  in  a  chan¬ 
nel  2.000  feet  wide,  it  appears  that  it  will  require  a  mean  velocity  of 
14  feet  per  second  for  the  maximum  discharge  to  pass  through  the 
present  channel  at  Eads  Bridge,  with  the  water  at  an  elevation  of 
45  on  St.  Louis  gauge.  If  the  flood  causes  a  scour  to  bedrock,  a  dis¬ 
tance  of  some  20  feet  below  the  present  river  bottom,  a  mean  velocity 
of  8  feet  results,  and  the  board  considered  that  either  assumption 
appears  less  probable  than  a  material  further  increase  in  flood 
heights.  The  board  was  also  of  the  opinion  that  it  was  not  advisable 
for  the  United  States  to  undertake  any  work  in  the  “ harbor  and 
approaches  to  St.  Louis  with  a  view  to  preventing  floods  by  reason 
of  obstructions  in  the  Mississippi  River." 

The  Chief  of  Engineers,  Gen.  Mackenzie,  concurred  hi  the  view 
;  that  the  work  was  not  one  which  should  be  undertaken  by  the  United 
States. 

A  number  of  citizens  and  property  owners  of  East  St.  Louis  and 
its  vicinity  formed  an  association,  obtained  the  advice  of  engineers, 
and  then  secured  legislation  by  the  State  of  Illinois  authorizing  the 
appointment  and  organization  of  the  East  Side  levee  and  sanitary 
district.  This  was  effected  early  in  1909.  Plans  were  adopted  which 
include  a  diversion  of  Cahokia  Creek  directly  from  the  bluffs  to  the 
Mississippi,  at  a  point  a  little  south  from  opposite  the  mouth  of  the 
Missouri,  and  a  levee  thence  to  Arsenal  Island,  opposite  the  southern 
part  of  the  city  of  St.  Louis.  The  funds  are  now  being  obtained 
through  a  general  tax  on  all  property  in  the  district.  A  large  amount 
of  levee  construction  is  now  in  progress.  The  levees  are  “in  all 
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places  to  be  a  minimum  of  3.6  higher  than  the  crest  of  the  flood  of 
1844  and  7  feet  above  that  of  1903.”  That  is  to  say,  the  levees  will 
be  at  die  height  of  45  on  the  St.  Louis  gauge  at  that  point,  and  the 
slope  is  to  conform  to  the  plane  of  a  45-foot  stage.  The  estimated 
cost  of  the  improvement  is  $6,500,000.  The  assessed  value  of  the 
property  in  the  district  to  be  protected  is  $57,000,000;  the  real  value, 
$100, 000,0004 

No  dam  should  be  designed  which  might  cause  a  flood  elevation  of 
such  height  as  to  reach  the  top  of  the  levees  now  under  construction 
by  the  East  Side  levee  and  sanitary  district,  which  levees  are,  as  stated 
above,  3.6  feet  higher  than  the  plane  of  the  flood  of  1844.  But  some 
additional  constructions  have  been  made  in  and  along  the  river  since 
the  date  of  the  studies  upon  which  the  elevation  of  those  levees  was 
determined,  and  the  levees  now  under  construction  may  still  more 
contract  the  flood  widths. 

These  considerations  and  also  the  opinions  expressed  in  the  reports 
above  outlined  as  to  possible  heights  to  which  floods  may  reach  under 
the  conditions  which  exist  in  the  harbor  of  St.  Louis  all  lead  to  the 
conclusion  that,  if  a  dam  should  be  built,  it  must  be  designed  so  that 
it  would  not  cause  an  elevation  of  the  crest  of  a  flood  of  the  volume  of 
that  of  1844  greater  than  that  flood  actually  reached  at  the  location 
of  the  dam.  At  the  Steins  Street  location  that  was  424.6. 

The  general  features  of  the  river  valley  for  some  20  miles  below  the 
Eads  Bridge,  including  the  depths  to  bed  rock,  have  been  outlined 
above  and  also  the  details  of  full  cross  sections  at  three  characteristic 
locations.  This  covers  the  locality  which  may  be  considered  in  the 
wording  of  the  act  of  Congress,  as  “at  or  near  Jefferson  Barracks.” 
The  construction  of  a  dam  at  any  point  in  this  locality  presents  a  very 
serious  problem.  The  least  objectionable  location  is  that  at  the 
foot  of  Steins  Street,  where  the  depth  to  bed  rock  is  about  15  feet  less 
than  at  the  other  points.  The  works  incident  to  the  construction  of 
a  dam,  such  as  those  for  the  protection  of  low  lands,  for  disposal  of 
sewage  and  drainage,  etc.,  would  be  less  extensive  and  expensive  at 
this  point  than  at  a  lower  location.  The  further  consideration  of  this 
dam,  its  construction,  and  possible  effect  will  be  as  at  this  point  at  the 
foot  of  Steins  Street. 

The  dam  must  have  considerable  length  in  order  to  keep  the  flood 
waters  at  the  elevation  above  indicated.  Several  lengths  of  dam  and 
elevations  of  crest  have  been  studied.  In  this  connection  the  possible 
development  of  water  power  must  be  considered.  This  involves  the 
construction  of  a  power  house,  with  installation  of  hydraulic  and 
electric  machinery  and  provisions  for  conducting  water  to  and  from 
the  turbine  wheels.  There  must  also  be  a  lock  for  the  passage  of 
boats.  The  elevation  of  the  surface  of  a  flood  such  as  that  of  1844, 
passing  over  the  crest  of  the  dam,  must  not  be  higher  than  424.6. 
This  last  requirement  can  only  be  met  by  lowering  the  surface  of  such 
a  flood  below  the  dam,  and  this  can  only  be  done  by  excavation 
extending  from  the  dam  as  far  down  the  river  as  may  be  necessary 
to  fully  carry  the  water  away. 

A  dam  5,000  feet  long  with  crest  at  elevation  407.3  would  pass 
the  volume  of  the  flood  of  1844,  with  a  depth  on  crest  of  17.3  feet, 
thus  filling  the  requirement  of  keeping  the  water  of  such  a  flood  not 


'•  Message  of  President  H.  D.  Sexton,  East  Side  levee  and  sanitary  district,  1910. 
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higher  than  424.6,  but  the  surface  elevation  of  such  Hood  immediately 
below  the  dam  must  then  be  brought  by  excavation  to  the  elevation 
407. 3. 

The  physical  conditions  at  this  site  and  the  necessity  of  providing 
room  for  a  power  house  and  its  appurtenances  and  for  conducting 
water  to  and  from  the  turbines  are  such  as  to  make  desirable  a  less 
length  of  dam. 

With  a  length  of  dam  of  4,000  feet  the  highest  elevation  of  crest, 
which  would  not  raise  a  flood  such  as  that  of  1844,  higher  than 
424.6,  would  be  404.6.  This  would  be  an  unsubmerged  crest  and 
Ithe  water  surface  below  the  dam  at  the  time  of  such  a  flood  should 
then  also  be  404.6.  Other  possible  elevations  of  crest  and  of  water 
surface  below  the  dam,  with  resulting  heads,  are  as  follows: 


Elevation 
of  crest. 

Water  sur¬ 
face  below 
dam,  flood 
of  184-1. 

Head  on 
wheels  at 
flood  of 
1844. 

Head  on 
wheels  with 
low  water 
at  376. 

404.6 

404.6 

20.0 

28.6 

403.0 

411.9 

12.7 

27.0 

402.0 

413.8 

10.8 

26.0 

401.0 

414.9 

9.7 

2o.  0 

400.0 

416.2 

8.4 

24.0 

399.0 

1 

411.2 

7.4 

23.0 

The  development  of  power  in  a  commercially  available  form 
requires  a  regulated  output  of  alternating  electrical  current.  A 
substantially  uniform  speed  of  revolution  of  the  electric  generators 
is  essential  to  the  production  of  this  current.  This  uniformity  of 
speed  can  best  be  secured  when  there  is  very  little  or  no  variation 
in  the  head  of  water  on  the  turbine  wheels.  Moderate  reduction  in 
the  normal  head  reduces  the  output  of  power  while  maintaining  uni- 
iormity  of  speed.  Greater  reduction  of  head  makes  it  impossible 
to  maintain  the  required  speed  of  revolution  and  then  the  output 
of  alternating  current  ceases.  The  extreme  variation  which  is 
usually  permitted  occurs  when  the  minimum  head  is  from  55  to  60 
per  cent  of  the  maximum  head,  but  by  appropriate  design  the  range 
pan  be  extended  until  the  minimum  head  is  from  40  to  45  per  cent 
of  the  maximum,  with  a  considerable  loss,  however,  of  efficiency  at 
the  high  head. 

This  rule  applies  to  the  development  of  power  by  the  same  set 
of  turbines  through  this  range  of  variation  of  head.  If  greater 
variation  must  occur,  a  second  set  of  turbines  must  be  installed  to 
secure  an  output  of  power  continuous  through  all  stages.  Such 
additional  provision  of  turbines,  with  the  additional  electric  machinery 
and  appurtenances,  would  materially  increase  the  cost  of  power 
production.  In  either  case  extra  turbines  are  required  to  give  out 
the  full  amount  of  power  at  the  lower  heads. 

In  the  present  case  a  crest  elevation  of  401  with  a  head  at  extreme 
flood,  as  above  shown,  of  9.7  feet  would  determine  for  single  sets 
af  turbines  a  low-water  surface  elevation  of  376,  with  a  head  of  25 
feet,  and  thus  maintain  the  range  of  variation  of  head  substantially 
within  the  limits  above  defined.  Installations  of  single  sets  of 
turbines  would  give  continuous  power  output.  The  heads  resulting 
from  other  crest  elevations  and  with  the  low  water  at  376  are  shown 
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in  the  above  table.  All  the  conditions  lead  to  the  adoption  for  this 
dam  of  a  length  of  4,000  feet,  a  crest  elevation  of -401,  and  a  flood- 
surface  elevation  below  the  dam  of  414.9,  involving  such  excavation 
from,  and  maintenance  of,  river  channel  as  would  prevent  any  greater 
flood  elevation. 

The  use  of  a  movable  crest,  or  bear  trap  or  other  design,  has  been 
considered.  In  the  determinations  of  height  on  crest  as  above  given, 
a  form  of  rounded  crest  has  been  adopted,  giving  a  high  coefficient  of 
flow  over  the  crest.  This  coefficient  would  be  reduced  for  flow  over 
a  bear  trap  or  movable  crest  and  the  crest  elevation  would  become 
lower  and  the  requisite  excavation  increased.  There  would  be  diffi¬ 
culty  in  manipulating  a  long  movable  crest  of  any  substantial  height, 
and  any  uncertainty  in  its  operation  at  critical  times  might  lead  to 
serious  flood  effects.  With  a  fixed  crest,  as  above  indicated,  made 
sufficiently  low  to  prevent  undue  elevation  of  floods,  and  in  view  of  the 
considerations  just  stated,  there  seems  to  be  no  necessity  for  the 
installation  of  a  movable  crest. 

Under  the  conditions  outlined  above,  with  an  extreme  low  water 
flow  of  35,000  feet  per  second  and  a  head  of  25  feet,  there  could  be  a 
development  of  70,000  electrical  horsepowers  on  the  switchboard  in  the 
power  house.  If  the  low  flow  be  taken  at  40,000  cubic  feet  per 
second  the  power  development  would  be  about  79,000  electrical  horse¬ 
powers  on  the  switchboard. 

As  has  been  stated  above,  reduction  in  head  reduces  the  output  of 
current  while  maintaining  within  a  certain  range  the  requisite  uni¬ 
formity  of  speed.  With  the  variation  in  head  above  assumed  and 
with  constant  speed  maintained,  the  output  of  power  from  a  tur¬ 
bine  would  be  one-half  as  great  at  the  extreme  low  head  as  at  the 
high  head.  Therefore,  the  number  of  turbines  must  be  proportion¬ 
ately  increased  to  maintain  the  full  output  at  all  stages.  There  must 
be  twice  as  many  turbines  at  this  low  head  as  would  be  required  at 
the  high  head.  This  duplication  of  turbines  may  be  made  either  by 
placing  two  turbines  on  one  shaft,  as  has  frequently  been  done,  or  by 
provision  of  separate  turbines. 

In  a  discussion  given  directly  below  of  the  slopes,  velocities,  and 
excavations  in  this  channel  between  the  suggested  dam  at  Steins 
Street  and  the  one  near  Commerce,  there  is  included  a  description 
of  a  project  which  seems  to  have,  in  certain  respects,  better  features 
than  the  others  discussed.  This  one  (the  third)  requires,  however,  a 
low-water  elevation  immediately  below  the  Steins  Street  dam  of  355. 
This  would  make  the  head  at  low  water  46  feet,  and  the  range  between 
this  head  and  the  head  of  10  feet  at  flood  stages  is  too  great  for  the 
installation  of  single  sets  of  turbines.  The  installations  could  be  in 
two  ranges  of  variation  in  head,  the  one  from  46  feet  down  to  about 
21  feet,  the  other  from  10  feet  up  to  about  21§  feet,  these  low  heads 
being  only  45  per  cent  of  their  respective  high  heads  and  thus  within 
the  allowable  range  of  variation.  Such  an  installation  is  practicable 
and  its  additional  cost  might  be  more  than  balanced  by  the  increase 
of  power  and  the  decreased  amounts  of  excavation  and  dredging 
demanded  by  this  channel  project.  The  power  output  would  be 
125,000  horsepowers  with  35,000  second-feet  and  146,000  horse¬ 
powers  with  40,000  second-feet. 

The  effect,  in  the  harbor  of  St.  Louis,  of  building  a  dam  at  Steins 
Street  with  its  crest  at  401  would  be  a  permanent  elevation  of  the 
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plane  of  low  water  of  about  14  feet.  The  slopes  of  water  surface  and 
the  velocity  at  all  stages  would  be  diminished,  except  at  a  Hood  of  a 
volume  equal  to  that  of  1844.  There  would  consequently  be,  at 
various  stages,  a  deposition  of  part  of  the  material  carried  by  the 
Missouri  River,  which  enters  the  Mississippi  River  within  that  part  of 
the  stream  which  would  be  affected  by  this  dam.  This  would  involve 
regulation  and  constant  dredging  to  maintain  the  requisite'  area  and 
depth  of  channel  and  to  prevent  flooding  adjacent  territory.  These 
elements  of  the  problem  are  considered  at  length  in  the  report  of  the 
board. 

The  location  of  the  other  dam  upon  which  this  board  is  to  consider 
and  report  is  at  or  near  Commerce.  Several  points  in  this  neighbor¬ 
hood  have  been  examined  and  two,  in  particular,  have  been  studied. 
One  is  about  a  mile  above  Commerce,  where  an  island  and  a  compara¬ 
tively  high  elevation  of  bedrock  in  a  part  of  the  channel  afford  fairly 
favorable  conditions  for  construction.  The  requisite  length  could 
not,  at  this  point,  be  had  in  line  directly  across  the  channel.  A  part 
of  the  dam  would  be  on  a  line  running  somewhat  diagonally  down¬ 
stream.  The  conditions  as  to  foundations  and  construction  would 
not  be  more  difficult  than  at  Steins  Street.  The  other  point  studied  is 
at  Grays  Point,  about  6  miles  above  Commerce,  where  the  conditions 
are  also  fairly  favorable.  They  will  be  described  directly. 

The  studies  as  to  channel,  slopes,  velocities,  etc.,  referred  to  below, 
indicate  that  in  these  respects  the  upper  or  Grays  Point  site  is  the 
more  desirable.  The  natural  channel  immediately  below  Grays  Point 
is  such  as  to  create  a  steep  slope  during  the  higher  stages  of  the  river 
and  to  seriously  affect  the  regimen  should  the  dam  be  placed  near 
Commerce.  A  considerable  part  of  the  town  of  Thebes  and  all  of  the 
town  of  Graysboro  would  be  permanently  overflowed.  The  clear¬ 
ance  under  the  railroad  bridge  at  Thebes  would  be  much  diminished. 
Under  all  the  conditions  as  now  studied,  the  location  at  Grays  Point 
is  considered  the  better  and  is  adopted  in  the  studies  and  estimates. 

The  length  assumed  is  4,000  feet.  The  elevation  of  an  unsubmerged 
crest  would  be  352.1,  which  is  also  the  natural  elevation  at  that  point 
of  the  flood  of  1844.  The  elevation  at  low  water  is  311.8.  Possible 
elevations  of  submerged  crest  and  resulting  heads  are  as  follows: 


Elevation 
of  crest. 

W  ater  sur¬ 
face  below 
dam,  flood 
of  1844. 

Head  at 
flood  of 
1844. 

Head  at 
low  water. 

352.1 

352.1 

20.0 

40.3 

343.0 

352.  0 

12.5 

31.2 

340.3 

352.0 

10.8 

28.5 

338.2 

352.0 

9.7 

26.4 

335. 9 

352.0 

7.4 

24.1 

333.9 

352.0 

6.4 

22.1 

For  this  dam  a  crest  elevation  of  343  with  a  head  on  turbines  at 
extreme  flood  of  12.5  feet  and  a  head  at  low  water  of  31.2  feet  will  give 
a  variation  of  head  within  the  limits  above  defined.  Excavation  in 

channel  below  the  dam  is"not  required. 

With  an  extreme  low-water  flow  of  35,000  second-feet  and  a  head 
of  31.2  feet  there  could  be  a  development  of  86,000  electrical  hoi  se¬ 
ll.  Doc.  762,  63-2 - 6 
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powers  on  the  switchboard  in  the  power  house.  If  the  low  flow  be 
taken  at  40,000  second-feet  the  power  development  would  be  99,000 
electrical  horsepowers  on  the  switchboard.  The  low  flow  is  ’ the 
measure  of  the  continuous  power  output.  It  might  be  possible  to 
equip  this  dam  with  a  movable  crest  and  thus  create  some  storage  and 
increase  the  power  output,  perhaps  up  to  125,000  horsepowers,  but 
the  objections  to  a  movable  crest  of  the  great  length  of  4,000  feet  have 
been  above  stated.  In  addition  there  would  be  a  considerably  in¬ 
creased  expenditure,  both  for  construction  and  for  attendance. 

CONSIDERATION  OF  RIVER  CHANNEL  FROM  DAM  AT  STEINS  STREET  TO  DAM  AT 

GRAYS  POINT. 

A.  At  extreme  flood,  as  of  1844- — The  surface  of  this  flood  imme¬ 
diately  below  the  dam  at  Steins  Street  is  to  be  brought  by  the  excava¬ 
tion  above  indicated  to  an  elevation  of  414.9.  The  surface  of  the 
same  flood  at  the  crest  of  the  dam  at  Grays  Point  will  be  364.6. 
There  is  thus  a  total  fall  in  surface  elevation  of  this  extreme  flood  of 
50.3  feet.  Studies  have  been  made  by  two  methods  of  the  possible 
slopes,  excavations,  and  velocities  of  such  a  flood  in  this  part  of  the 
river,  about  125  miles  in  length;  one  method  being  by  assuming  a 
uniform  slope  between  the  two  points  and  thus  producing  varying 
velocities  at  different  localities,  the  other  method  by  a  variation  of  the 
surface  slope  and  securing  uniform  velocity  at  all  points  for  this  flood. 
In  both  methods  the  bottom  of  the  high-water  channel  is  taken  at  an 
elevation  of  376  at  Steins  Street,  or  25  feet  below  the  crest  of  that  dam 
and  with  a  uniform  slope  to  the  crest  of  the  lower  dam. 

In  a  channel  formed  under  the  first  method  there  would  be  a  large 
deposit  of  silt  in  the  lower  reaches  of  this  channel,  the  deposition 
diminishing  in  the  parts  farther  upstream.  In  a  channel  formed  by 
the  second  method  the  mean  velocity  of  such  a  flood  would  be  uni¬ 
form  at  about  51  feet  per  second,  and  during  such  a  flood  there  would 
be  less  deposition  of  silt.  The  amount  of  excavation  required  would 
be  much  greater  than  under  the  first  method.  The  surface  of  the 
water  also  would  be  considerably  higher  in  the  lower  reaches,  in¬ 
volving  greater  outlay  for  levees  and  for  damage  and  protection  of 
lowlands. 

A  channel  formed  under  either  of  these  methods  would  consist 
with  a  workable  development  of  power  at  Steins  Street,  provided,  of 
course,  the  channel  were  maintained  by  dredging. 

B.  A  flood  such  as  that  of  1844  is  of  very  infrequent  occurrence, — 
Study  should  be  given  more  particularly  to  the  conditions  which 
occur  frequently,  as  those  of  bank-full  stage,  or  every  year,  as  those 
of  a  stage  of  26.7  on  the  St.  Louis  gauge,  which  is  mean  annual  high 
water.  At  these  stages  the  mean  velocity  in  either  channel  above 
described  would  be  reduced  and  would  become  about  3  to  4  feet  per 
second,  with  a  result  of  large  depositions  of  silt  at  these  as  well  as 
at  lower  stages,  which  would  have  to  be  removed  by  dredging,  or 
else  the  high-water  surface  would  be  raised,  increased  damages  would 
result,  and  the  output  of  power  at  the  Steins  Street  location  would 
fail  at  high  stages.  The  elevation  above  the  Steins  Street  dam  would 
be  increased  and  the  flood  waters  might  be  so  raised  as  to  overtop 
the  East  St.  Louis  levees. 

A  study  has  therefore  been  made  of  a  third  method  with  a  view  to 
such  form  of  excavation  as  might  secure  increased  velocities  at  bank- 
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full  or  mean  annual  high-water  stages,  thus  decreasing  deposition  at 
those  and  other  stages. 

In  this  study  the  slope  at  bank-full  stage  runs  from  an  elevation  of 
354.7  at  the  dam  at  Grays  Point  to  398  at  the  dam  at  Steins  Street, 
and  is  substantially  a  uniform  slope  with  a  velocity  of  from  4  to  6 
feet  per  second.  The  low-water  surface  starts  at  the  crest  of  the 
Grays  Point  Darn  and  runs  to  elevation  355  at  Steins  Street  Dam. 
This  elevation  at  Steins  Street  is  determined  from  the  method  adopted 
for  the  form  of  excavation  of  channel,  the  depth  of  the  excavation 
being  increased  relative  to  the  width  and  thus  securing  greater 
velocities  for  the  higher  stages.  The  channel  at  low  water  would 
have  a  depth  of  14.7  feet  and  a  minimum  width  of  1,364  feet.  The 
slope  at  low  water  would  be  nearly  uniform  and  the  velocity  about 
If  feet  per  second.  Levees  would  be  built,  confining  the  waters  of 
the  highest  flood  to  approximately  the  width  of  the  present  bank-full 
channel.  The  water  surface  of  a  flood  of  a  volume  such  as  that  of 
1844  would  be  at  elevation  364.6  at  dam  at  Grays  Point  and  not 
higher  than  414.9  at  dam  at  Steins  Street. 

The  form  of  channel  and  the  slopes  would  be  such  as  to  give  ve¬ 
locities  at  the  various  stages  which  will  tend  to  reduce  deposition 
of  silt.  No  form  of  channel  excavation  has  so  far  been  found  which 
will  prevent  silting  at  some  stages  and  at  some  localities,  but  it  is 
believed  that  a  channel  formed  in  the  way  just  described  would  be 
as  satisfactory  as  possible  in  this  respect.  An  approximate  estimate 
of  the  amount  of  excavation  required  for  this  channel  is  ten  hundred 
million  cubic  yards.  Regulation  and  bank  protection  will  be  re¬ 
quired  for  the  greater  portion  of  this  channel,  and  much  dredging 
will  be  required  for  maintenance. 

The  channel  at  extreme  low  water  would  be  by  the  first  method 
12.1  feet  deep,  by  the  second  method  10.1  feet  deep,  and  by  the 
third  method  14.7"  feet  deep. 

The  amount  of  excavation  by  the  first  method  would  be  about 
1,300,000,000  cubic  yards,  by  the  second  method  about  the  same, 
:  and  by  the  third  method  about  1,000,000,000  cubic  }rards. 

By  the  first  and  second  methods  the  elevation  of  low  water  below 
the  Steins  Street  Dam  would  be  376  and  the  electrical  power  on 
switchboard  at  Steins  Street  would  be  70,000  horsepowers,  with 
35,000  second-feet  and  79,000  horsepowers,  with  40,000  second-feet. 
By  the  third  method  the  low  water  below  the  Steins  Street  Dam 
would  be  at  355  and  the  electrical  power  on  switchboard  would  be 
125,000  horsepowers,  with  35,000  second-feet,  and  146,000  horse¬ 
powers,  with  40,000  second  feet. 

This  great  increase  of  power  by  the  third  method  is  worthy  of 
serious  consideration.  It  would  involve  a  much  larger  powerhouse 
and  also  a  double  installation  of  machinery,  on  account  of  the  greatly 
increased  range  of  variation  in  head.  These  requirements  would 
considerably  increase  the  cost.  However,  the  capital  cost  per 
horsepower  of  electrical  output  would  be  much  less  and,  from  the 
power  viewpoint,  this  would  be  the  better  method. 

At  the  Steins  Street  location  the  west  side  of  the  river  channel  is 
formed  by  the  rock  bluff.  In  the  rest  and  larger  part  of  the  channel 
the  rock  is  covered.  The  depth  of  the  channel  at  low  water  is 
from  7  to  17  feet.  The  conformation  and  the  depths  to  bedrock  are 
shown  on  the  appended  cross  sections,  plates  Nos.  1  and  2.  The 
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figures  given  for  the  elevation  of  the  bottom  of  the  river  above  rock 
are  those  that  existed  at  the  time  of  taking  these  soundings,  and  (as 
in  all  parts  of  the  Mississippi  River)  these  elevations  vary  from  time 
to  time  at  different  stages  of  the  river.  The  surface  of  the  ground 
from  the  river  banks  to  the  Illinois  bluff  is  approximately  level  and 
from  20  to  30  feet  above  water.  The  underlying  rock  surface 
varies  from  77  feet  below  low  water  to  119  feet,  the  latter  depth 
being  near  the  Illinois  bluff,  in  what  may  have  been  an  ancient  river 
channel;  such  ancient  channel  is  also  indicated  in  the  section  and  bor¬ 
ings  taken  near  the  Meramec  River,  12  miles  below. 

Experience  has  shown  that  in  this  river  any  construction  which 
even  slightly  affects  the  flow  immediately  also  affects  the  shape  of 
the  channel.  The  great  variations  in  volume  of  flow  and  the  mobile 
character  of  the  material  overlying  the  rock  render  it  impossible  to 
secure  sufficient  stability  in  such  material  to  make  it  a  safe  founda¬ 
tion  for  a  heavy  permanent  structure.  The  comparatively  small 
piers  for  bridges  heretofore  built  in  this  river  have  caused  deep  scour¬ 
ing  in  the  river  bed.  Whatever  section  might  be  finally  adopted  for 
a  dam,  it  should  be  founded  upon  the  underlying  bedrock.  The 
depth  of  this  rock  below  the  elevation  of  the  water  surface  during 
ordinary  stages,  the  great  mass  of  mobile  material  overlying  the  bed¬ 
rock,  the  enormous  volume  of  water  passing  down  the  river,  the  fre¬ 
quent  variations  in  volume  and  velocity  of  flow,  and  the  provisions 
required  to  take  care  of  this  flow  at  every  moment  during  the  prog¬ 
ress  of  the  work,  all  make  the  problem  of  placing  and  securing  foun¬ 
dations  and  of  building  the  dam  very  serious. 

The  depth  to  bedrock  is  about  77  feet  from  the  water  surface  at 
extreme  low  water,  about  81  feet  at  what  is  called  “standard”  low 
water,  and  about  89J  feet  at  what  is  called  mean  stage,  as  far  as  can 
be  anticipated  from  the  result  of  borings,  with  possibly  somewhat 
greater  depths  at  some  points.  The  three  piers  of  the  new  municipal 
bridge  recently  built  at  St.  Louis,  with  caissons  under  compressed 
air,  are  founded  upon  rock  at  depths  of  55  feet,  85  feet,  and  95  feet 
below  extreme  low  water.  Work  in  those  caissons  at  the  greater 
depth  could  only  be  carried  on  at  very  low  stages  of  the  river.  At 
the  extreme  depths  the  pressure  was  such  that  a  man  was  able  to 
continue  work  only  one  hour  at  a  time. 

A  number  of  methods  for  securing  foundations  have  been  consid¬ 
ered.  Whatever  method  might  be  adopted,  the  difficulties  must  be 
great,  the  time  of  construction  long,  the  cost  very  large;  but  the 
construction  is  not  impossible  if  sufficient  money  is  provided. 

The  locks  at  Steins  Street  would  be  in  two  lifts  on  the  Missouri 
side  of  the  river,  founded  and  partially  cut  into  the  rock  bluff. 
The  dimensions  adopted  by  the  board  are  600  feet  long,  110  feet 
wide.  The  difference  of  level  between  extreme  low  water  below  and 
extreme  high  water  above  the  lock  would  be  69.6  feet  on  the  basis 
of  the  project  above  described  as  No.  3.  The  dam  would  be  straight, 
4,000  feet  long,  on  foundations  going  to  bedrock.  The  power  house 
may  be  at  an  angle  with  the  line  of  the  dam  and  extend  downstream, 
with  a  length  sufficient  for  the  installation  of  power  machinery  as 
indicated  above. 

The  power  house  must  be  founded  upon  bedrock.  The  intake  or 
head  bay  is  formed  by  masonry  approach  walls  running  1,200  feet 
upstream,  and  also  going  to  rock.  The  lower  end  of  the  head  bay 
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would  be  formed  by  a  structure  for  transformers  and  other  power 
appurtenances,  this  also  founded  on  rock.  The  upstream  end  of  the 
head  bay  approach  walls  would  connect  with  a  levee  or  embankment 
extending  to  the  system  of  levees  under  construction  by  the  East 
Side  levee  and  sanitary  district.  From  the  downstream  end  of  the 
power  house  a  tailrace  wall  extends  for  a  distance  sufficient  to  afford 
bank  protection. 

At  Grays  Point  the  lock  can  be  on  the  Missouri  side,  where  a  good 
location  for  it  is  found  by  cutting  through  a  depression  in  the  rock 
bluff.  The  dam  would  be  substantially  perpendicular  to  the  axis  of 
the  lock  and  extend  4.000  feet  across  the  thread  of  the  stream.  The 
power  house  would  extend  at  an  angle  with  the  line  of  the  dam.  its 
lower  end  would  be  connected  with  the  rock  on  the  Illinois  bank, 
this  connection  serving  as  the  foundation  for  a  structure  for  trans¬ 
formers  and  other  power  appurtenances.  All  these  structures  would 
be  founded  on  rock.  The  upper  boundary  of  the  head  bay  would  be 
formed  by  a  wall  connecting  with  the  rock  face  on  the  Illinois  bank 
and  extending  diagonally  upstream  to  a  connection  with  the  levee 
forming  the  eastern  boundary  of  the  new  channel  for  the  river.  Pro¬ 
vision  would  be  made  for  the  passage  of  water  from  the  lowlands  above 
the-  head  bay  by  construction  of  a  conduit  passing  under  the  trans¬ 
former  house. 

By  the  construction  of  the  dam  at  Grays  Point  and  the  form  of 
channel  above  suggested,  the  elevations  of  water  surface  at  all  stages 
would  be  permanently  raised  as  far  up  the  river  as  East  Kaskaskia, 
about  70  miles  above  Grays  Point.  Above  this  the  water  surfaces  will 
be  lowered,  the  maximum  depression  being  at  the  Steins  Street  Dam. 
Levees  will  be  required  along  both  banks  of  the  flood  channel,  except 
where  the  bluffs — particularly  on  the  Missouri  side— may  make  the 
levees  unnecessary.  Particular  attention  should  be  given  to  the 
closure  of  the  head  of  the  St.  Francis  Basin  against  the  increased  ele¬ 
vations  in  the  river. 

A  diversion  channel  would  be  required  for  Big  Muddy  River,  with 
levees  on  each  side  up  to  the  Illinois  bluffs. 

Levees  running  to  the  highlands  would  be  necessary  for  the  Kas¬ 
kaskia  River  and  for  other  smaller  streams. 

Pumping  stations  would  be  required  for  each  inclosed  area,  of 
sufficient  capacity  to  take  care  of  rainfall  and  subsidiary  drainage; 
canals  or  ditches  would  be  requisite  to  carry  the  water  to  the  pump¬ 
ing  stations. 

At  a  number  of  points  changes  would  be  necessary  in  the  elevation 
or  location  of  railroads  and  at  some  places  new  bridges  would  be  re¬ 
quired,  as  at  Muddy  River. 

The  Mississippi  River  between  the  mouth  of  the  Ohio  and  the 
lower  dam  above  referred  to  is  not  discussed  in  this  paper  because 
it  does  not  become  necessary  to  lower  the  river  bed  below  that  dam 
in  order  to  secure  a  power  development. 

The  power  production  at  the  lower  dam  would  be,  as  stated  above, 
about  100,000  electrical  horsepowers,  the  minimum  head  being  124 
feet;  this  low  head  would  occur  only  in  the  event  of  a  flood  equal  in 
volume  to  that  of  1844.  The  power  output  at  the  St.  Louis  dam 
would  be  about  150,000  electrical  horsepowers  with  heads  from  46 
down  to  about  12  feet.  At  the  moment  of  occurrence  of  the  crest 
of  a  flood  of  the  volume  of  that  of  1844  the  head  might  be  reduced  to 
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10  feet;  but  the  reduction  in  power,  if  such  a  flood  should  recur, 
would  not  be  great  and  would  last  a  very  short  time.  This  observa¬ 
tion  applies  to  the  power  at  each  dam. 

The  estimated  cost  of  the  two  dams,  locks,  power  houses,  approach 
walls,  guard  walls,  and  excavations  in  head  bays,  with  the  hydraulic 
and  electric  installations,  is  $86,582,000,  as  shown  in  the  following 
estimate,  the  unit  prices  in  which  have  been  adopted  by  the  board. 

Dam  at  Steins  Street: 

908,000  cubic  yards  concrete,  at  $25 . .  $22,  700,  000 

65,800  cubic  yards  concrete,  at  $10 . . .  658,  000 


Lock: 

242,000  cubic  yards  excavation  of  rock,  at  $2 .  484,  000 

110,650  cubic  yards  concrete,  at  $6 .  663,  900 

Gates  and  operating  machinery .  600,  000 


Approach  walls: 

Upstream  26,000  cubic  yards  concrete,  at  $6 .  156,  000 

Downstream,  103,900  cubic  yards,  at  $6 .  623,  400 


Head  and  tail  race  walls,  181,620  cubic  yards  concrete,  at 

$20 . .  3,632,200 

Excavations  in  head  bay  and  above  dam,  8,852,000  cubic 

yards,  at  35  cents .  3,  098,  200 

Power  house  and  transformer  house: 

Substructures,  417,120  cubic  yards  concrete,  at  $20.  .  .  8,  342,  400 

306,240  cubic  yards  concrete,  at  $10 .  3,  062,  400 

Superstructures,  transformer,  and  switchboard  com¬ 
partments,  galleries,  offices .  1,  400,  000 

Installation —  '  804, 800 

Hydraulic .  6,600,000 

Electric .  4,  050,  000 

• -  10,  650,  000 


56,  070,  500 

Contingencies  and  supervision  5  per  cent .  2,  803,  500 


Total  at  Steins  Street .  58,  874,  000 


Dam  at  Grays  Point:  _  ~ -v:— 

468,000  cubic  yards  concrete,  at  $20 .  9,  360,  000 

116,080  cubic  yards  concrete,  at  $10 .  1, 160, 000 

Lock,  including  approach  walls:  “  ’  ^0, 000 

901,750  cubic  yards  excavation  of  rock,  at  $2 .  1,  803,  500 

166,450  cubic  yards  excavation,  at  $6 .  998,  700 

Gates  and  operating  machinery .  270,  000 

_ _  3  Q72  200 

Head  and  tail  race  walls,  357,500  cubic  yards  concrete,  at  $6 .  2, 145^  000 

Excavations  in  head  bay  and  above  dam,  2,400,000  cubic 

yards,  at  35  cents . . .  840,  000 

Power  house  and  transformer  house: 

Substructure,  208,560  cubic  yards  concrete,  at  $20. ...  4, 171,  200 

153,120  cubic  yards  concrete,  at  $10 .  1,  531,  200 

Superstructure,  transformer,  and  switchboard  com¬ 
partments,  galleries,  offices .  429,  000 

Installations —  "  ’  131, 400 

Hydraulic .  2,000,000 

Electric . . .  1,680,000 

- -  3,  680,  000 


26,  388,  600 

Contingencies  and  supervision  5  per  cent . .  1,  319,  400 


Total  at  Grays  Point . . . . . . . .  27,  708,  000 
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For  the  two  locations: 

At  Steins  Street .  $58,  87-4,  000 

At  Grays  Point .  27,  708,  000 

Total .  8G,  582, 000 

The  estimated  cost  of  the  excavations  for  channel  between  the  dams, 
for  regulation  of  the  channels  above  the  Steins  wStreet  Dam  and  from 
Steins  Street  to  the  lower  dam,  for  levee  constructions  above  Steins 
Street  and  from  Steins  Street  to  the  lower  dam  and  for  changes  in  and 
new  bridges  for  railroads  is  $341,631,800,  as  shown  by  the  following 
estimate,  the  figures  in  which  have  been  adopted  by  the  board : 

Channel  between  the  two  dams,  dredging  and  moving  material  beyond 
the  channel  limits,  including  rehandling  and  provision  for  dumping 


ground,  750,000,000  cubic  yards,  at  25  cents .  $187,  500,  000 

Regulation  of  channel: 

Above  Steins  Street . _ .  L  220,  000 

From  Steins  Street  to  Grays  Point .  18,  000,  000 

Levee  construction: 

Above  Steins  Street . - .  8,  804,  000 

Between  Steins  Street  and  Grays  Point .  0,  483,  000 

Raising  railroad  above  flood  line .  2,  008,  500 


230, 125, 500 

Contingencies  and  supervision,  5  per  cent .  11,  506,  300 


241, 631,  800 


The  cost  of  removal  of  the  sediment  which  would  be  deposited  by  the 
river  during  the  construction  of  the  dams  and  channel  is  not  included 
in  the  above  estimate.  This  cost  would  depend  upon  the  rapidity 
with  which  the  channel  was  built.  The  board  considers  (see  report 
of  board)  that  the  increase  in  cost  from  this  item  alone  would  be  not 
less  than .  100, 000, 000 


341,  631,  800 

SUMMARY. 


Steins  Street  Dam,  lock,  power  installation,  etc 
Grays  Point  Dam,  lock,  power  installation,  etc. 
Channel,  levees,  regulation,  etc . 


58,  874, 000 
27,  708,  000 
341, 631, 800 


428,  213,  800 

The  results  of  the  construction  of  these  two  dams  and  of  the  exca¬ 
vations,  levees,  and  other  works  incident  to  the  construction  of  the 
dams  and  the  formation  of  such  a  channel  between  them  as  would 
be  required  to  prevent  flood  damages  and  to  minimize  as  far  as  prac¬ 
ticable  the  depositions  of  silt  would  be: 

A.  A  low-water  channel  of  not  less  than  14  feet  depth  from  near 
the  mouth  of  the  Illinois  River  to  Grays  Point,  which  is  45  miles  above 

the  mouth  of  the  Ohio.  . 

B.  The  development  of  about  150,000  electrical  horsepowers  at 
St.  Louis  and  about  100,000  electrical  horsepowers  at  Grays  Point, 

about  135  miles  below  St.  Louis. 

The  cost  would  be  approximately  $428,200,000. 

There  would  also  be  required  an  annual  expenditure  for  mainte¬ 
nance,  including  dredging  and  such  works  of  regulations  as  experi¬ 
ence  from  year  to  year  would  indicate  to  be  necessary. 

The  electrical  power  would  be,  as  expressed  in  the  act  of  Congress, 
“  incidentally  created  by  the  dams.”  The  money  or  capital  value 
of  a  particular  development  depends,  to  a  great  extent,  upon  its 
location,  upon  the  price  of  coal  which  can  be  used  to  develop  power. 
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the  supply  of  power  from  other  developments,  and  the  existing  and 
probable  future  demand  for  power. 

At  St.  Louis  the  cost  of  coal  is  low.  A  large  power  development  is 
in  progress  and  partly  completed  at  Keokuk  on  the  Mississippi  River. 
The  transmission  lines  from  Keokuk  have  been  constructed  to  St. 
Louis;  contracts  have  been  made  for  the  sale  and  use  of  a  large 
amount  of  power  in  that  city,  and  a  considerable  amount  of  power  is 
already  being  delivered.  This  seriously  effects  the  question  of  the 
value  of  another  hydroelectric  development  at  or  near  St.  Louis. 

John  Boo  art. 


Appendix  No.  1  to  Appendix  D. 

COMMUNICATIONS  FROM  THE  LAKES-TO-THE-GULF  DEEP  WATERWAY  ASSOCIATION. 

MEMORANDUM  FROM  MR.  LYMAN  E.  COOLEY,  ST.  LOUIS,  OCTOBER  26,  MO. 

The  Middle  Mississippi,  Grafton  to  Cairo. 

From  the  mouth  of  the  Illinois  River  to  the  mouth  of  the  Ohio  River  is  a  distance 
of  212  miles,  with  a  fall  at  normal  low  water  of  132  feet  and  an  average  declivity  of 
0.622  foot  per  mile. 

Memphis  datum,  412.4  feet  at  Grafton  to  280.5  feet  at  Cairo. 

Chicago  datum,  174.6  feet  at  Grafton  to  306.5  feet  at  Cairo. 

Gulf  level,  405.6  feet  at  Grafton  to  273.7  Let  at  Cairo. 

volume  and  duration  of  stages. 

Only  a  limited  territory  is  tributary  below  the  mouth  of  the  Missouri  River.  The 
St.  Louis  gauge  is  therefore  taken  as  the  criterion  for  this  division.  The  following 
table  gives  height  on  gauge,  volume  in  second-feet,  and  duration  of  characteristic 
stages. 

St.  Louis  gauge. 

[Average  of  48  years.] 


Gauge  reading. 

Volume. 

Days 

below. 

Remarks. 

0 . 

34,000 

1 

Normal  low  water. 

1 . 

41,000 

1.2 

Water-power  basis. 

2... . 

48, 000 

6.5 

3 . 

56, 000 

13 

4 . 

64,000 

59 

Standard  low  water. 

6 . 

73, 000 
82, 000 
92, 000 

49 

Above  for  11  months. 

6 . 

71 

7 . 

92 

Above  for  9  months. 

8 . 

102',  000 

111 

8.43 . 

106, 000 

120 

Above  for  8  months. 

25.5 . 

435 000 
606,000 

1 14.2 

Mean  of  highest  daily  stages. 
Bank-full  stage. 

Flood  of  1903. 

30 . 

12 

38 . 

950,000 

41.3 . 

1,360,000 

Flood  of  1844. 

Days  above. 


The  Sanitary  and  Ship  Canal  of  Chicago,  adds  14,000  second-feet.1  The  Illinois 
and  Michigan  Canal  can  add  1,000  feet  additional. 

Extreme  high  water,  as  in  1844  and  1903,  occurs  perhaps  twice  in  a  century,  but 
must  be  reckoned  with  in  constructing  embankments  and  provision  made  for  these 
volumes  at  structures. 

The  significant  high  water  is  the  bank-full  stage,  above  which  the  water  has  ranged 
only  80  days  in  40  years.  A  significant  low  water  is  at  1  foot  on  the  gauge  with  a 
volume  of  41,000  second-feet,  below  which  the  water  has  ranged  for  48  days  in  40 
years. 


1  Note  by  Engineer  Board:  Only  4,167  second-feet  has,  up  to  1913,  been  authorized  by  the  War  Depart¬ 
ment,  and  even  this  only  conditionally  upon  an  approval  of  Congress,  not  yet  given. 
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The  low-water  volume  of  41,000  second-feet  will  be  raised  to  55,000  second-fee.' 
when  the  Chicago  Sanitary  and  Ship  Canal  is  operated  to  its  fullest  capacity. 

project. 

Two  dams  are  proposed  which,  together  with  changes  in  the  river  bed  below,  will 
greatly  reduce  the  declivity  and  enable  a  large  depth  to  be  obtained  for  navigation. 
A  free  fall  at  each  dam  will  be  produced  between  the  significant  stages  hereinbefore 
stated  and  a  large  water  power  made  incidentally  available.  One  of  these  dams  is  to 
be  located  from  7  to  12  miles  below  the  Eads  Bridge  at  St.  Louis  and  the  other  in  the 
vicinity  of  Commerce,  some  36  miles  above  the  confluence  of  the  Ohio  River. 

A  fixed  dam  in  combination  with  bear-trap  sections  is  to  pass  the  bank-full  stage 
with  a  depth  on  crest  of  10  feet  or  less,  and  greater  floods  within  desirable  limits. 

ST.  LOUIS  DAM. 

Bedrock  at  a  suitable  elevation  is  found  8  miles  below  the  Eads  Bridge  and  above 
Jefferson  Barracks,  or  45  miles  below  Grafton.  Comprehensive  borings  may  develop 
a  site  farther  downstream. 

The  crest  of  the  dam  is  to  be  at  elevation  413  feet  Memphis  datum,  or  26  feet  on 
gauge  at  St.  Louis.  This  is  0.6  foot  above  normal  low-water  level  at  Grafton,  and 
low  water  will  there  be  raised  by  about  4  feet. 

The  following  stages  refer  to  proposed  crest  of  dam: 


Jefferson 

Barracks. 

St.  Louis 

"Normal  low  water  below . . . . .' . 

28.4 

25.9 

TtanV-fnll  stapp  . 

-1.8 

4.1 

"FT wh  water  i 844 .  above  . . . . . . . . 

9.5 

15.4 

The  high  water  of  1844  at  Chain  of  Rocks  10  miles  above  Eads  Bridge,  is  21  feet 
and  at  Grafton  30.1  feet  above  crest  of  dam. 

It  is  proposed  to  lower  the  river  bed  below  the  dam  by  12  feet  or  more  at  the  outset, 
thus  giving  a  free  fall  at  all  stages  of  water  and  a  low  water  head  of  more  than  40  feet. 
This  will  make  flood  stages  above  the  dam  independent  of  back  water  and  strictly 
subject  to  the  dam. 

Official  reports  suggest  an  enlargement  of  the  cross  section  through  St.  Louis  harbor 
i  in  order  to  mitigate  flood  slopes.  Such  treatment  is  also  desirable  in  connection 
I  with  proposed  dam. 

The  results  will  be — 

1.  A  pool  extending  45  miles  to  the  mouth  of  the  Illinois  River  at  Grafton,  and 
farther  up  the  Mississippi,  and  also  half  way  up  to  St.  Charles  on  the  Missouri  River, 

2.  A  harbor  with  a  low-water  depth  of  30  feet  and  more  for  the  cities  of  St.  Loute 
and  East  St.  Louis  with  a  flood  range  of  10  to  15  feet,  without  accentuating  extreme 
high-water  limit  above  St.  Louis. 

3.  An  available  water  power  of  200,000  horsepower  (constant  and  effective  and 
measured  on  the  turbine  shaft),  from  low-water  to  bank-full  stage. 


COMMERCE  DAM, 

Bedrock  is  found  at  varying  elevations  in  and  below  the  gorge  extending  from 
Grays  Point  to  Commerce,  and  the  sight  may  be  taken  provisionally  at  Commerce, 
36  miles  above  the  confluence  of  the  Ohio  River  and  131  miles  below  the  St.  Louis 
dam.  i 

The  crest  is  to  be  at  elevation  343  feet  Memphis  datum,  or  70  feet  below  the  crest 
of  the  St.  Louis  dam. 

The  following  stages  of  water  refer  to  crest  of  dam: 


Commerce. 

Cairo. 

"Normal  low  wate’"  Below  . 

32.0 

62.5 

TTanV-fnll  <jtapp  bplow  . 

10.3 

27.6 

TTiph  water  1844  bplow  . 

1.8 

18.5 

90  WATERWAY  LOCKPORT,  ILL.,  TO  MOUTH  OP  ILLINOIS  RIVER. 


The  depth  on  crest  of  dam  is  to  be  limited  as  proposed  for  the  St.  Louis  dam.  The 
dam  will  have  a  free  fall  at  all  stages.  High  water  will  be  materially  increased  as  far 
wp  as  Grand  Tower,  40  miles  above  Commerce.  Some  60,000  acres  will  be  damaged, 
but  this  area  can  be  protected  by  an  embankment  and  made  more  valuable  than  at 
present.  An  embankment  will  also  be  required  to  close  the  St.  Francis  front  below 
Cape  Girardeau. 

The  low- water  declivity  between  Commerce  and  Cairo  is  very  steep,  and  this  maybe 
lowered  at  Commerce  by  more  than  8  feet  at  the  outset,  thus  giving  a  head  at  the  dam 
of  more  than  40  feet. 

The  results  will  be: 

1.  A  low- water  pool  extending  upstream  nearly  to  Chester,  or  half  way  to  the  St. 
Louis  dam. 

2.  A  low- water  fall  of  30  feet  between  the  two  dams  in  lieu  of  the  present  fall  of  73.6 
feet,  thus  promoting  easy  regulation  for  a  depth  of  14  feet  or  more. 

3.  Lower  declivity  below  Commerce,  thus  making  easy  regulation  to  this  reach. 

4.  An  available  water  power  of  200,000  horsepower,  the  same  as  for  the  St.  Louis  dam. 

Estimate. 

Including  the  locks,  1,000  by  110  feet,  and  for  an  ultimate  depth  of  24-foot 

channel  for  present  depth  of  14  feet,  embankment,  etc.,  and  not  includ¬ 


ing  water-power  structures  and  installation . $40,  000,  000 

No  detail  estimates  have  been  made,  and  the  above  is  to  be  taken 
with  a  plus  uncertainty  of  25  per  cent. 

The  official  estimate  for  the  lock  and  wicket-dam  scheme,  including  dam 

and  canal  above  St.  Louis,  is,  in  round  numbers .  32,  000,  000 

The  official  estimate  for  the  open-channel  treatment,  together  with  the 
dam  and  canal  above  St.  Louis,  is,  in  round  numbers . . .  60,  000,  000 


Neither  of  these  schemes  lend  themselves  to  progressive  development  to  depths 
greater  than  14  feet. 

ULTIMATE  DEVELOPMENT. 

Regulation  and  development  for  an  ultimate  depth  of  24  feet  will  lower  the  declivity 
between  the  dams  and  below  Commerce,  and  the  head  for  this  condition  is  taken  at 
55  feet  for  each  dam. 

Conservation  of  water  resources  will  in  time  increase  the  flow,  and  the  volume  is 
taken  as  80,000  second-feet  in  lieu  of  55,000  feet. 

The  available  water  power  will  then  be  400,000  horsepower  at  each  site. 

The  cut-off  at  Greenfield  bend  now  threatens  Cairo.  This  can  be  so  directed  as  to 
shorten  the  river  by  12  miles  and  leave  an  ideal  harbor  site  for  Cairo.  The  river  below 
Commerce  will  thus  be  reduced  to  a  length  of  24  miles.  The  improvement  of  the  river 
below  Cairo  will  lower  the  river  bed.  These  causes  will  produce  very  difficult  slopes 
between  Cairo  and  Commerce,  which  can  be  taken  out  in  increased  head  at  Commerce 
Dam. 

Lyman  E.  Cooley. 

January  26,  1910. 

Checked  February  8,  1910. 


Supplemental  Memorandum. 

WATER  POWER  WITH  STEAM  AUXILIARY. 

The  record  of  40  years  shows  that  the  natural  flow  has  been  less  than  92,000  second- 
feet  for  an  average  of  92  days  per  year.  With  steam  auxiliary  for  this  period  an  addi¬ 
tional  51,000  second-feet  may  be  utilized,  thus  giving  an  additional  horsepower  at 
each  site  as  follows: 

Horsepower. 

40  feet  head . . . . . .  185,000 

§5  feet  head . . .  255,  000 

MISSISSIPPI-OHIO  COMBINATION. 

The  low-water  flow  of  the  Ohio  River  corresponding  to  41,000  feet  in  the  Mississippi 
is  taken  at  25,000  second-feet.  The  sum  of  the  two  is  66,000  second-feet,  when  as  a 
matter  of  fact  the  corresponding  flow  in  the  Mississippi  below  Cairo  is  100,000  second- 
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feet,  or  50  per  cent  greater.  This  is  due  to  lack  of  parallelism  in  stages  and  to  lack 
of  coincidence  in  low-water  years  between  the  western  and  eastern  water  systems 
which  combine  in  the  lower  Mississippi. 

Bedrock  is  reported  in  the  Ohio  River  at  Mound  City  and  above.  No  investiga¬ 
tion  has  been  made  to  determine  the  feasibility  of  constructing  a  dam  across  the  Ohio 
at  the  same  elevation  as  proposed  for  the  Mississippi  at  Commerce.  If  such  dam  be 
feasible,  then  by  means  of  a  canal  connecting  the  two  sites,  it  will  be  practicable  to 
utilize  the  combined  flow  or  100,000  second-feet,  thus  giving  power  50  per  cent  in 
excess  of  that  which  could  be  produced  by  treating  each  site  separately. 

With  the  increment  of  14,000  second-feet  from  Lake  Michigan  and  under  55  feet 
head,  570,000  horsepower  could  be  produced  at  the  combined  sites,  and  still  more 
as  the  flow  shall  be  increased  through  conservation  of  water  resources. 

Deep  water  would  be  backed  up  in  the  Ohio  River  to  Evansville,  Ind.,  and  a  valu¬ 
able  high-level  connection  would  be  made  between  the  Ohio  and  Middle  Mississippi. 

Lyman  E.  Cooley. 

February,  1910. 

Note. — The  significant  low- water  volume  herein  taken  for  water-power  estimates 
is  41,000  second-feet  at  a  stage  of  1  foot  on  the  St  Louis  gauge,  and  corresponds 
to  25,000  second-feet  in  the  Ohio  River  at  Paducah  and  to  100,000  second-feet  in  the 
Mississippi  River  below  Cairo. 

The  elevations  (Memphis  datum)  corresponding  thereto  are  as  follows: 


Grafton .  412.8 

St.  Louis  gauge .  388. 1 

Jefferson  Barracks .  385.  4 

Commerce .  311.  7 

Cairo .  282.0 


L.  E.  Cooley. 

February,  1910. 


LETTER  FROM  MR.  LYMAN  E.  COOLEY. 

Chicago,  November  3,  1910. 

Gen.  W.  H.  Bixby, 

Chief  of  Engineers ,  United  States  Army , 

Washington ,  D.  C. 

General:  I  inclose  herewith  memorandum  No.  2,  which  covers  certain  specific 
questions  asked  me  at  the  hearing  before  the  board  at  St.  Louis  October  26,  1910. 

This  is  an  extension  of  the  memorandum  furnished  at  the  hearing.  I  send  also 
separate  inclosure,  copy  1  of  profile,  Exhibit  No.  9,  referred  to  in  above  documents. 
For  the  Lakes  to  the  Gulf  Deep  Waterway  Association. 

Very  respectfully, 

Lyman  E.  Cooley, 
Consulting  Engineer. 


Memoranda  No.  2. 

THE  MIDDLE  MISSISSIPPI — GRAFTON  TO  CAIRO. 

Amplification  of  memoranda  made  under  date  of  January  26  and  February  8,  1910, 
to  cover  specific  points  raised  at  the  hearing  before  the  Board  of  Engineers  on  October 
26,  1910,  and  other  related  questions.  Prepared  from  blotter  notes  of  studies  made 
in  winter  of  1909-10,  with  revisions  to  date. 

Chicago,  October  31,  1910. 

PROFILE:  EXHIBIT  NO.  9. 

On  this  profile  are  shown  in  red  locations  and  elevations  of  the  two  dams  as  discussed 
for  St.  Louis  and  Commerce. 

The  flow  lines  for  the  conditions  to  be  immediately  produced  are  also  shown  in  red. 
The  high-water  line  corresponds  to  606,000  second-feet,  the  equivalent  of  the  bank  full 
stage  and  is  taken  at  10  feet  on  the  crest  of  both  dams,  and  also  at  10  feet  below  crest 
of  St.  Louis  dam.  The  low-water  line  corresponds  to  55,000  second-feet  and  is  taken 
at  crest  and  40  feet  below  for  each  dam. 


i  Not  printed. 
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The  slopes  are  figured  in  short  reaches,  the  ratio  of  new  to  natural  slopes  being  taken 
in  the  inverse  ratio  of  the  cubes  of  the  mean  depth.  The  results  are  approximate  and 
change  with  changing  regimen  and  are  intended  to  be  illustrative. 

THE  DAMS. 

Each  dam  is  projected  for  a  spillway  length  of  4,000  feet  of  which  3,000  feet  is  to  be 
fixed  weir  and  1,000  feet  is  to  consist  of  bear- trap  sections  with  a  range  of  15  to  16  feet 
below  fixed  weir  level. 

The  bear-trap  sections  are  to  be  located  athwart  the  stream.  The  fixed  spillway  is 
to  be  an  equilateral  slant  form  upstream.  Apex  inclosing  60°,  thus  giving  double 
the  length  of  distance  athwart  the  stream. 

The  net  length  of  dam  athwart  the  stream  is  therefore  2,500  feet,  and  with  piers 
may  be  taken  at  2,640  feet,  or  one-half  mile  from  out  to  out  between  abutments. 

The  arrangement  of  bear-traps  and  fixed  spillways  can  be  varied  to  suit  conditions 
as  for  a  bridge  and  for  ice  and  drift  passes. 

« 

WATER  POWER  AND  LOCATION. 

For  a  St.  Louis  site  the  lock  is  taken  on  bluff  or  Missouri  side,  same  to  be  placed 
above  line  of  dam.  On  east  or  Illinois  side  above  dam,  construct  at  outset  a  cham¬ 
bered  shore  wall  to  rock  1,500  to  2,000  feet  long,  with  tailrace  behind  for  water-powel 
installation.  For  a  dam  erected  at  or  near  quarantine,  it  may  be  feasible  to  cut  a 
canal  to  the  Meramec  Valley  for  future  development;  otherwise  a  longer  shore  wal* 
on  east  side  may  be  expedient. 

For  Commerce,  short  head  races  from  dam  down  stream  suggest  themselves,  to  be 
constructed  largely  at  future  convenience.  A  site  which  will  permit  a  future  canal 
at  pool  level  to  the  Ohio  Fiver  also  suggests  itself. 

CAPACITY  OF  DAM. 

The  length  of  crest  is  4,000  feet  (bear-traps  up).  Ten  feet  on  dam  will  give  ap¬ 
proximately  480,000  second-feet.  The  water  power  installed  and  adjuncts  should 
give  140,000  second-feet  additional.  The  total  is  620,000  second-feet,  which  is  the 
equivalent  of  the  bank-full  stage  606,000  second-feet  plus  14,000  second-feet  contrib¬ 
uted  at  Chicago.  With  bear-trap  dams  down  380,000  second-feet  will  be  added, 
making  a  total  of  1,000,000  second-feet  for  a  limit  of  10  feet  on  dam.  This  covers  all 
known  floods  except  that  of  1844  with  estimated  volume  of  1,360,000  second-feet. 
An  additional  depth  of  2\  feet  on  dam  will  pass  about  230,000  second-feet  additional 
and  a  second  power  installation  will  be  adequate-  to  the  remainder.  Adequate  pro¬ 
vision  can  be  made,  or  damage  can  be  suffered  once  in  a  century  or  two,  provided 
disaster  is  not  invited. 

THE  RIVER  BED. 

1 

The  river  bed  is  to  be  immediately  lowered  below  the  St.  Louis  Dam,  so  as  to  produce 
a  low-water  elevation  (55,000  second-feet)  of  40  feet  below  crest.  This  involves  the 
removal  of  about  100,000,000  yards  for  a  lowering  of  12  feet  at  the  dam  and  running 
out  40  miles  below.  The  width  at  the  new  level  is  taken  at  2,235  feet,  the  declivity 
at  0.30  feet  per  mile,  and  the  mean  depth  at  12  feet. 

The  river  bed  below  Commerce  is  also  to  be  lowered  so  as  to  bring  the  low- water  line 
40  feet  below  crest.  This  involves  the  removal  of  about  25,000,000  yards  for  the  lower¬ 
ing  of  8  feet  at  dam,  running  out  16  miles  below.  The  declivity  will  be  nearly  0.60 
feet  per  mile. 

The  lowering  of  the  river  bed  is  to  be  effected  by  systematic  regulation  in  combina¬ 
tion  with  hydraulic  dredging.  The  lines  are  to  conform  to  the  ultimate  channel  lines 
and  this  initial  work  is  to  be  taken  as  a  step  toward  the  final  channel. 

THE  THEORETICAL  CHANNEL. 

Preliminary  consideration  by  short  methods  has  been  given  the  channel  between 
the  two  dams  for  the  purpose  of  fixing  limits  and  as  a  basis  for  final  study. 

The  bank-full  volume  is  taken  at  620,000  second-feet  (606,000  and  14,000). 

The  declivity  is  taken  from  elevation  25  feet  below  St.  Louis  Dam  to  10  feet  above 
Commerce  Dam,  a  fall  of  35  feet,  uniformly  distributed. 

The  cross-section  has  a  uniform  width  of  2,550  feet,  a  uniform  area  of  110,000  square 
feet,  and  a  uniform  mean  depth  of  43J  feet.  A  parabolic  form  of  section  is  assumed  in 
which  the  area  at  St.  Louis  Dam  is  taken  at  two-thirds  the  product  of  width  by  depth, 
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changing  systematically  to  thirteen-fifteenths  of  the  product  of  width  by  depth  at 
Commerce.  The  depth  will  therefore  be  65  feet,  or  90  feet  below  crest  of  St.  Louis 
Dam  and  50  feet  or  40  feet  below  crest  of  Commerce  Dam.  The  bottom  of  the  channel 
will  have  a  declivity  of  20  feet. 

The  theoretical  section  gives  a  width  of  3,000  feet  at  elevation  of  crest  of  St.  Louis 
dam,  and  this  is  taken  as  the  proper  river  limit  for  extreme  high  water. 

The  low-water  channel  is  taken  with  a  depth  of  30  feet  and  a  mean  depth  of  20  feet, 
or  60  feet  below  crest  of  St.  Louis  dam,  thus  giving  a  width  at  this  level  of  1,733  feet 
and  a  cross-section  of  34,660  square  feet.  The  volume  required  is  about  80,000  second- 
feet. 

The  low-water  channel  expands  downstream  and  will  have  a  width  of  about  2,116 
feet  and  a  depth  of  about  32-33  feet,  midway  between  St.  Louis  and  Commerce.  At 
Commerce  the  theoretical  depth  will  be  40  feet,  mean  depth  34§  feet,  and  width  2,465 
feet  at  low  water.  The  slope  is  a  curved  line  running  from  the  crest  of  the  Commerce 
dam  to  60  feet  below  crest  of  St.  Louis  dam,  as  before  given. 

In  the  trial  channel  herein  assumed,  widths  and  slopes  can  be  estimated  for  other 
volumes. 

PROBABLE  RESULTS. 

The  foregoing  for  an  ultimate  channel  indicates: 

1.  That  the  flood  of  1844  can  be  provided  for  at  a  level  below  the  proposed  crest  of 
the  St.  Louis  dam  and  within  a  bank  limit  of  3,000  feet. 

2.  That  the  bank-full  limit,  or  620,000  second-feet,  will  have  an  elevation  of  25  to 
30  feet  below  crest  of  St.  Louis  dam. 

3.  That  low  water  may  be  taken  at  55  to  60  feet  below  crest  of  St.  Louis  dam  for  a 
volume  of  80,000  to  90,000  second-feet.  A  channel  of  24  feet  is  thus  determined. 

Variation  in  coefficients  and  in  hydraulic  elements  account  for  above  variation  in 
results. 

CHANGE  IN  REGIMEN. 

The  distance  between  the  two  dams  is  divisible  into  three  characteristic  reaches  of 
nearly  equal  length. 

The  lower  reach  is  a  pool  section,  to  be  so  treated  as  to  direct  the  silting  up  of  dead 
area. 

The  middle  reach  is  to  be  treated  as  largely  a  problem  of  regulation. 

The  upper  reach  is  a  problem  of  sinking  the  river  bed,  to  be  worked  out  by  regula¬ 
tion  combined  with  hydraulic  dredging  and  requiring  time  for  the  consummation. 

The  changes  should  be  progressive  and  conform  to  the  lines  determined  for  the 
ultimate  channel. 

In  practice  there  may  be  endless  modification  and  variation  in  detail  without 
impairing  the  desired  regimen  as  a  whole.  Some  of  these  will  disclose  themselves  in 
the  final  and  detail  studies. 

Lyman  E.  Cooley. 


Chicago,  October  31,  1910. 


Appendix  E. 


[House  Doc.  No.  1061,  61st  Cong.,  3d  Sess.] 


WATERWAY  FROM  LOCKPORT.  ILLINOIS,  TO  THE  MOUTH 

OF  THE  ILLINOIS  RIVER. 


LETTER 


FROM 

THE  SECRETARY  OF  WAR, 

TRANSMITTING, 

WITH  A  LETTER  FROM  THE  CHIEF  OF  ENGINEERS,  REPORT  OF  A 
BOARD  OF  ENGINEERS  ON  AN  EXAMINATION  OF  THE  WATERWAY 
FROM  LOCKPORT,  ILLINOIS,  BY  WAY  OF  THE  DES  PLAINES  AND 
ILLINOIS  RIVERS,  TO  THE  MOUTH  OF  SAID  ILLINOIS  RIVER,  AND 
CERTAIN  RELATED  SUBJECTS. 


December  5,  1910. — Referred  to  the  Committee  on  Rivers  and  Harbors  and  ordered 

to  be  printed. 


War  Department, 
Washington,  December  5, 1910 . 

Sir:  I  have  the  honor  to  transmit  herewith  a  letter  from  the  Chief 
of  Engineers,  U.  S.  Army,  dated  1st  instant,  together  with  a  prelimi¬ 
nary  report  made  by  the  special  Board  of  Engineers  appointed  in  pur¬ 
suance  of  the  river  and  harbor  act  of  June  25,  1910,  to  consider  and 
report  upon  a  waterway  from  Lockport,  Illinois,  by  way  of  the  Des 
Plaines  and  Illinois  rivers  to  the  mouth  of  said  Illinois  River,  and  cer¬ 
tain  related  subjects. 

Very  respectfully,  J.  M.  Dickinson, 

Secretary  of  War. 

The  Speaker  of  the  House  of  Representatives. 


War  Department, 

Office  of  the  Chief  of  Engineers, 

Washington,  December  1,  1910. 

Sir:  I  have  the  honor  to  submit  herewith,  for  transmission  to 
Congress,  a  preliminary  report  dated  November  1,  1910,  made  by  the 
special  Board  of  Engineers  appointed  in  pursuance  of  the  river  and 
harbor  act  approved  June  25,  1910,  to  consider  and  report  upon  ft 
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waterway  from  Lockport,  Illinois,  by  way  of  the  Des  Plaines  and 
Illinois  rivers  to  the  mouth  of  said  Illinois  River,  and  certain  related 
subjects. 

Very  respectfully,  W.  H.  Bixby, 

Chief  of  Engineers,  U.  S.  Army. 

The  Secretary  of  War. 


PRELIMINARY  REPORT  ON  WATERWAY  FROM  LOCKPORT,  ILLINOIS. 

TO  MOUTH  OF  ILLINOIS  RIVER. 

War  Department, 

Office  of  the  Chief  of  Engineers, 

Washington ,  November  1,  1910. 

Sir:  The  Board  of  Engineers  appointed  by  the  Secretary  of  War 
September  8,  1910,  Special  Orders,  No.  43,  Office  of  the  Chief  of  Engi¬ 
neers,  current  series,  for  the  consideration  of  a  “  waterway  from  Lock- 
port,  Ill.,  by  way  of  the  Des  Plaines  and  Illinois  rivers  to  the  mouth  of 
said  Illinois  River,”  has  the  honor  to  submit  the  following  report. 

The  provisions  of  the  law  under  which  the  Board  is  acting  are  con¬ 
tained  in  section  1  of  the  river  and  harbor  act  approved  June  25, 
1910,  and  are  as  follows: 

For  the  construction  of  a  waterway  from  Lockport,  Illinois,  by  way  of  the  Des  Plaines 
and  Illinois  rivers  to  the  mouth  of  said  Illinois  River,  one  million  dollars.  The  Sec¬ 
retary  of  War  shall  appoint  a  board  of  five  members,  to  be  composed  of  four  engineer 
officers  of  the  army  and  one  civil  engineer  taken  from  civil  life.  The  president  of  the 
board  of  five  members  authorized  under  act  of  March  second,  nineteen  hundred  and 
seven,  to  examine  the  Mississippi  River  below  Saint  Louis  and  report  to  Congress  on 
the  project  of  a  fourteen-foot  channel,  shall  be  a  member  of  and  president  of  the  board 
herein  provided  for.  Said  board  shall  report  upon  the  feasibility  of  such  waterway 
and  the  most  advisable  depth  and  dimensions  therefor,  in  case  the  same  is  recom¬ 
mended  ;  also  upon  such  measures  as  may  be  required  to  properly  preserve  the  levels 
of  the  Great  Lakes  and  to  compensate,  so  far  as  practicable,  for  the  diminished  level 
in  said  lakes  and  the  connecting  waters  thereof  by  reason  of  any  diversion  of  water 
from  Lake  Michigan  for  the  maintenance  of  the  proposed  waterway  herein  described, 
or  diversion  for  any  other  purpose;  and  further,  also,  upon  the  influence  on  volume 
and  height  of  waters  in  the  Mississippi  River  below  Cairo;  and  further,  also,  as  to  the 
effect  upon  the  climate  of  the  Lake  States  by  a  change  in  the  natural  currents  of 
Lake  Michigan. 

The  Board  shall,  after  full  conference  with  the  authorized  agency  of  the  State  of 
Illinois,  submit  a  report  upon  the  extent  to  which  the  United  States  may  properly 
cooperate  with  the  State  of  Illinois  in  securing  the  construction  of  a  navigable  waterway 
from  Lockport  to  the  mouth  of  the  Illinois  River  in  conjunction  with  the  development 
of  water  power  by  said  State  between  Lockport  and  Utica,  for  which  the  people  of 
the  State  of  Illinois  have  authorized  their  general  assembly  to  appropriate  twenty 
million  dollars;  the  report  shall  state  the  extent  and  character  of  the  cooperation 
recommended  and  the  conditions  considered  necessary  in  connection  therewith  to 
fully  protect  the  interests  of  the  United  States.  Should  the  Board  consider  coopera¬ 
tion  to  be  advisable,  the  report  herein  called  for  shall  include  plans  and  estimates 
of  cost  of  the  work  recommended  to  be  done  by  the  United  States  alone  or  in  coopera¬ 
tion  with  the  State  of  Illinois;  and  until  these  plans  and  estimates  have  been  submitted 
and  a  project  for  the  improvement  adopted  by  Congress  the  appropriation  of  one  million 
dollars  herein  made  shall  not  be  available  for  expenditure.  The  Board  also  shall 
consider  and  report  upon  the  improvement  of  the  Mississippi  between  the  mouth  of 
the  Illinois  River  and  the  mouth  of  the  Ohio  River  by  the  construction  of  a  dam  at 
or  near  Jefferson  Barracks  and  a  dam  at  or  near  Commerce,  and  the  development  of 
water  power  incidentally  created  by  such  dams.  In  the  performance  of  its  duties 
the  Board  may  consider  all  reports  heretofore  made;  and  the  force,  plant,  and  records 
of  the  Mississippi  River  Commission  and  the  several  engineer  districts  between 
Chicago  and  Cairo  shall  be  available  for  the  use  of  the  Board. 
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The  Board  assembled  at  Washington,  D.  C.,  September  14,  1910, 
to  organize,  and  then  provided  for  collecting  the  data  required  to 
determine  the  question  before  it  and  arranged  for  a  conference  with 
the  authorized  agency  of  the  State  of  Illinois. 

In  accordance  with  arrangements  made  with  the  governor  of 
Illinois,  the  Board  again  assembled  at  Chicago  on  October  19  for 
conference  with  Mr.  Isham  Randolph,  chairman  of  the  Internal 
Improvement  Association  of  the  State  of  Illinois,  who  had  been 
designated  by  the  governor  as  the  authorized  agency  of  the  State. 
After  a  short  conference  with  Mr.  Randolph  the  Board  made  an 
inspection  of  the  canal  and  other  works  of  the  Sanitary  District  of 
Chicago  and  of  the  sites  for  proposed  power  dams  on  the  Des  Plaines 
and  Illinois  Rivers  suggested  by  the  Internal  Improvement -Commis¬ 
sion  of  Illinois.  The  Board  then  made  a  trip  down  the  Illinois  and 
Mississippi  Rivers  from  La  Salle,  Ill.,  to  Cairo,  during  which  inspec¬ 
tion  w7as  made  of  the  existing  river  channels,  the  State  and  Cnn  ein- 
ment  locks  and  dams  of  the  Illinois  River  and  the  sites  proposed  for 
dams  on  the  Mississippi  River  above  Cairo.  Mr.  Randolph  accom¬ 
panied  the  Board  on  these  inspections  from  Chicago  as  far  as  1  hebes, 

From  Cairo  the  Board  returned  to  St.  Louis,  where,  by  appoint¬ 
ment,  Mr.  Lyman  E.  Cooley,  consulting  engineer  for  the  Lakes  to  the 
Gulf  Deep  Waterway  Association,  appeared  before  it  and  explained 
his  plans  for  the  improvement  of  the  Mississippi  River  from  the  mouth 
of  the  Illinois  River  to  Cairo.  He  also  promised  to  furnish  the  Board 
certain  data  and  studies  with  reference  to  these  plans. 

The  Board  is  now  considering  and  discussing  all  available  data  and 
information  bearing  upon  the  feasibility  of  the  proposed  w  aterway 
and  its  most  advisable  depth  and  dimensions.  The  extent  to  which 
the  United  States  may  cooperate  with  the  State  of  Illinois  in  securing 
this  waterway  and  the  character  of  such  cooperation  can  oe  deter¬ 
mined  only  when  the  final  plans  of  the  btate  ol  Illinois  Iuia  e  been  pre¬ 
sented  to  the  Board.  The  preliminary  plans  presented  bv  Mr.  Ran¬ 
dolph  have  been  discussed  with  him,  and  are  to  be  followed  by. further 
communication  at  an  early  date  from  the  State  of  Illinois.  Decision 
as  to  all  these  matters  may  to  a  certain  extent  depend  upon  the 
definite  project  and  proposal  to  be  presented  by  the  State. 

Until  the  preceding  questions  are  decided  and  the  volume  ol  water 
to  be  diverted  from  Lake  Michigan  is  known  it  is  impracticable  to 
report  definitely  upon  “such  measures  as  may  be  required  to  properly 
preserve  the  levels  of  the  Great  Lakes  and  to  compensate,  so  xai  as 
practicable,  for  the  diminished  level  in  said  lakes/’  etc.,  and  upon 
the  influence  on  volume  and  height  of  waters  in  the  Mississippi  River 
below7  Cairo.”  Studies  of  these  questions  are  now  being  made. 

The  effect  produced  upon  the  climate  of  the  Lake  States  In  a  change 
in  the  natural  currents  of  Lake  Michigan  is  a  new’  issue,  winch  leqimes 
original  investigation  of  matters  hitherto  untouched  anywhere,  and 

is  now7  progressing.  ,  .  .  ,  * 

Immediately  after  its  organization  the  Board,  through  one  ol  its 

members,  initiated  the  careful  examination  of  the  suostrata  at  am 
near  the  sites  of  the  dams  proposed  to  be  built  near  Jeilerson  Bar¬ 
racks  and  near  Commerce.  Dams  of  such  magnitude,  under  the 
trying  conditions  to  be  expected  on  the  Mississippi  River  at  the  pro¬ 
posed  sites,  are  practically  without  precedent,  and  until  iuither 
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information  is  secured  tiie  Board  is  unable  to  render  concernin0,  them 
any  opinion  of  conclusive  character. 

Pending  the  completion  of  negotiations  with  the  authorized  agency 
or  the  State  of  Illinois  and  the  receipt  of  further  data  upon  other  matters 
under  consideration ,  the  Board  finds  that  the  above  preliminary 
report  is  all  that  can  be  submitted  at  the  present  time,  but  it  expects 
that  a  further  report,  covering  at  least  the  more  important  subjects 
named  m  the  act,  can  be  submitted  for  consideration  by  Congress 
during  its  present  session. 

Respectfully  submitted. 


W.  H.  Bixby, 

Brig,  Gen.,  Chief  of  Engineers,  United  States  Army. 

C.  McD.  Townsend, 
Colonel,  Corps  of  Engineers. 
C.  Keller, 

Major,  Corps  of  Engineers. 
J.  B.  Cavanaugh, 


Major,  Corps  of  Engineers. 


John  Bogart, 

Civil  Engineer. 


[Second  indorsement.] 


The  Board  of  Engineers  for  Rivers  and  Harbors, 

Washington,  November  26,  1910. 

Respectfully  returned  to  the  Chief  of  Engineers,  U.  S.  Army. 

It  appears  to  have  been  impracticable,  on  account  of  the  limited 
time  available,  for  the  special  Board  submitting  the  within  report 
^°i3niCOrP°ra^e  herein  final  views  upon  the  several  questions  upon 
which  it  is  required  to  report.  It  is  stated  that  investigations  and 
accumulation  of  data  are  m  progress,  and  that  it  is  expected  that  a 
further  report  will  be  submitted  during  the  coming  session  of  Con- 
greoS.  Until  such  further  report  has  been  received,  this  Board  can 
express  no  opinion  regarding  the  several  questions  involved,  and  it 
recommends  that  the  within  preliminary  report  be  forwarded  for  the 
information  of  Congress. 

For  the  Board: 


Dan  C.  Kingman, 

Colonel,  Corps  of  Engineers, 

Senior  Member  Present . 
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[House  Doc.  No.  1374,  61st  Cong.,  3d  Sess.] 

WATERWAY  FROM  LOCKPORT,  ILL.,  TO  THE  MOUTH  OF 

THE  ILLINOIS  RIVER. 


LETTER 


FROM 

THE  SECRETARY  OF  WAR, 

TRANSMITTING, 

WITH  A  LETTER  FROM  THE  CHIEF  OF  ENGINEERS,  REPORT  BY  A 
SPECIAL  BOARD  OF  ENGINEERS  UPON  A  WATERWAY  FROM 
LOCKPORT,  ILL.,  BY  WAY  OF  THE  DES  PLAINES  AND  ILLINOIS 
RIVERS,  TO  THE  MOUTH  OF  SAID  ILLINOIS  RIVER,  AND  CER¬ 
TAIN  RELATED  SUBJECTS. 


February  10,  1911.— Referred  to  the  Committee  on  Rivers  and  Harbors  and  ordered 

to  be  printed. 


War  Department, 
Washington ,  February  9,  1911. 

Sir:  I  Rave  the  honor  to  transmit  herewith  a  letter  from  the  Chief 
of  Engineers,  U.  S.  Army,  of  this  date,  together  with  copy  of  report 
made  by  a  special  Board  of  Engineers  appointed  in  pursuance  of  the 
river  and  harbor  act  approved  June  25,  1910,  to  consider  and  report 
upon  a  waterway  from  Lockport,  Ill.,  by  way  of  the  Des  Plaines  and 
Illinois  rivers,  to  the  mouth  of  the  Illinois  River,  and  certain  related 
subiects. 

Very  respectfully,  J*  M.  Djuiqnson, 

Secretary  of  War. 

The  Speaker  of  the  House  of  Representatives. 


War  Department, 

Office  of  the  C  hief  of  Engineers, 

Washington,  February  9,  1911. 

Sir:  I  have  the  honor  to  submit  herewith,  for  transmission  to 
Congress,  report  dated  January  23,  1911,  made  by  the  special  Bo  aid 
of  Engineers  appointed  in  pursuance  of  the  river  and  liaiboi  ac  t 
approved  June  25,  1910,  to  consider  and  report  upon  a  waterway 
from  Lockport,  Ill.,  by  way  of  the  Des  Plaines  and  Illinois  Ri\eis_to 
the  mouth  of  Illinois  River,  and  certain  related  subjects. 
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This  report  has  been  referred  to  the  Board  of  Engineers  for  Rivers 
and  Harbors  for  review,  as  required  by  law,  and  in  its  report  this  Board 
concurs  in  general  with  the  special  Board  in  its  conclusions  concerning 
the  waterway  from  Lockport  to  the  mouth  of  the  Illinois  River.  The 
only  essential  difference  between  the  views  of  the  two  boards  is  upon 
the  extent  of  cooperation  by  the  United  States  in  the  construction  of 
the  portion  of  the  waterway  between  Lockport  and  Utica.  In  the 
opinion  of  the  Board  of  Engineers  for  Rivers  and  Harbors  no  expend¬ 
itures  for  construction  should  be  made  by  the  United  States  on  this 
section  of  the  waterway.  In  the  opinion  of  the  special  Board  the 
$20,000,000  authorized  to  be  appropriated  by  the  State  should  be 
sufficient  to  entirely  complete  this  section  of  the  waterway,  including 
the  locks  and  bridges  over  the  waterway;  but,  if  through  unforeseen 
contingency  these  funds  prove  insufficient,  the  United  States  would 
be  warranted  in  assisting  the  State  by  contributing  such  part  of  the 
cost  as  might  be  eventually  found  necessary  to  complete  construction 
of  suitable  locks  in  the  dams  below  Lockport  and  of  bridges  over  this 
section  of  waterway. 

As  to  minor  differences  or  suggestions  of  the  Board  of  Engineers 
for  Rivers  and  Harbors,  the  following  remarks  are  submitted:  It 
was  anticipated  by  the  special  Board  that  report  on  the  improve¬ 
ment  of  the  Mississippi  River  by  dams  at  or  near  Jefferson  Barracks 
and  Commerce  would  be  submitted  before  the  next  session  of  Con¬ 
gress  and  before  the  State  of  Illinois  could  take  the  action  toward 
the  construction  of  the  waterway  between  Lockport  and  LTtica, 
which  is  considered  necessary  to  warrant  the  United  States  in  adopt¬ 
ing  any  project  for  the  section  of  the  Mississippi  River  in  question. 
The  recommendations  of  the  special  Board  as  to  the  diversion  of 
water  from  Lake  Michigan  are  that  said  diversion  be  restricted  to 
the  minimum  required  for  purposes  of  sanitation;  but  should  the 
diversion  eventually  authorized  by  Congress  exceed  that  contem¬ 
plated  by  the  Board  a  change  in  the  method  of  improvement  of  the 
Illinois  River  as  indicated  by  the  Board  of  Engineers  for  Rivers  and 
Harbors  may  then  be  desirable.  If  the  United  States  authorizes 
the  Sanitary  District  of  Chicago  to  divert  water  from  Lake  Michi¬ 
gan  for  purposes  of  sanitation,  and  also  conveys  to  the  State  any 
equities  it  may  possess  in  the  rights  of  way  or  other  properties  of 
the  Illinois  and  Michigan  Canal  upon  completion  of  the  proposed 
waterway  as  recommended  by  the  special  Board,  it  is  believed  that 
such  action  would  relinquish  to  local  agencies  any  rights  the  Gov¬ 
ernment  may  have  in  the  water  power  to  be  developed  between 
Lockport  and  Utica.  It  was  anticipated  by  the  special  Board  that 
no  action  would  be  taken  by  Congress  for  the  adoption  of  anv  defi¬ 
nite  project  until  the  State  of  Illinois  was  in  the  position  to  guar¬ 
antee  the  expenditure  of  $20,000,000  on  the  section  of  the  waterway 
between  Lockport  and  Utica,  and  that  any  such  legislation  by  Con¬ 
gress  would  be  made  to  harmonize  with  any  policy  that  it  might 
adopt  with  reference  to  the  diversion  of  water  from  Lake  Michigan 
under  the  recent  treaty  with  Great  Britain. 

By  the  terms  of  the  river  and  harbor  act  approved  June  25,  1910, 

I  am  member  and  president  of  the  special  Board,  and  I  concur  in 
its  report. 

It  is  believed  that  the  $1,000,000  already  appropriated  by  the 
United  States  should  be  expended  in  improving  the  Illinois  River 
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below  XJtica  to  the  depth  recommended  by  the  Board;  but  that  this 
work  should  not  be  undertaken  until  an  equal  or  greater  depth  above 
Utica  is  assured  by  the  plans  and  operations  of  the  State  of  Illinois. 
Very  respectfully, 

W.  IB  Bixby, 

Chief  of  Engineers,  U.  S.  Army. 

The  Secretary  of  War. 


REPORT  BY  A  SPECIAL  BOARD  OF  ENGINEERS  ON  WATERWAY  FROM 
LOCKPORT,  ILLINOIS,  TO  MOUTH  OF  ILLINOIS  RIVER. 

War  Department, 

Office  of  the  Chief  of  Engineers, 

Washington ,  January  23,  1911. 

Sir:  The  Board  of  Engineers  appointed  by  the  Secretary  of  War 
September  8,  1910,  in  Special  Orders,  No.  43,  Office  of  the  Chief  of 
Engineers,  for  the  consideration  of  a  waterway  from  Lockport,  Ill., 
by  way  of  the  Des  Plaines  and  Illinois  rivers  to  the  mouth  of  said 
Illinois  River,  has  the  honor  to  submit  the  following  report,  supple¬ 
mental  to  its  preliminary  report  of  November  1,  1910: 

FEASIBILITY  OF  THE  WATERWAY. 

In  the  numerous  surveys,  under  instructions  from  Congress,  for  a 
waterway  from  the  Great  Lakes  to  the  Mississippi  River,  the  line 
from  Bridgeport,  on  the  South  Branch  of  the  Chicago  River,  to  Lock- 
port,  on  the"  Des  Plaines,  thence  along  the  Des  Plaines  River  to  the 
Illinois,  and  along  the  Illinois  to  its  mouth,  has  uniformly  been  con¬ 
sidered  the  most  feasible.  In  all  projects  a  canal  has  been  proposed 
from  Bridgeport  to  Lockport,  and  the  river  bed  utilized  below  La 
Salle.  In  the  earlier  ones,  a  canal  between  Lockport  and  La  Salle 
was  advocated,  but  since  the  Chicago  Drainage  Canal  has  been  exca¬ 
vated  through  the  Chicago  divide  and  now  insures  an  adequate  sup¬ 
ply  of  water  for  the  channel,  the  canalization  of  the  Des  Plaines  and 
Illinois  Rivers,  with  short  canals  around  rapids,  has  been  generally 
recommended.  In  the  valley  of  the  Des  Plaines  and  upper  Illinois 
rivers  the  rock  is  sufficiently  near  the  surface  to  provide  excellent 
foundations;  the  lower  Illinois  has  an  exceptionally  gentle  slope, 
averaging  about  0.13  foot  per  mile,  so  that  any  reasonable  depth  can 
be  obtained  by  dredging,  and  the  present  diversion  from  Lake  Mich¬ 
igan  through  the  Chicago  Drainage  Canal  is  more  than  sufficient  for 
the  channel.  It  is  therefore  the  opinion  of  the  board  that  the  water¬ 
way  from  Lockport  to  the  mouth  of  the  Illinois  River  is  feasible. 

THE  MOST  ADVISABLE  DEPTH  AND  DIMENSIONS  FOR  THE  WATERWAY. 

Waterways  from  the  Great  Lakes  to  the  Mississippi  River  have 
been  proposed  varying  in  depth  from  4^  to  24  feet.  In  determining 
the  most  advisable  depth  of  the  waterway  it  is  necessary  to  consider 
the  probable  commerce,  its  character,  its  origin,  its  destination,  and 
the  dimensions  of  the  vessels  in  which  it  can  be  most  economically 
transported.  Experience  has  shown  that  as  a  general  rule  coarse 
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and  bulky  articles  seek  water  transportation,  while  the  finer  manu¬ 
factured  products  are  shipped  by  rail.  Of  the  62,363,218  tons 
transported  through  the  St.  Marys  Falls  Canals  in  1910,  about  97 
per  cent  consisted  of  iron  ore,  coal,  grain,  and  lumber.  Crude 
manufactured  products,  such  as  pig  iron,  ingots,  and  steel  rails,  are 
also  naturally  shipped  by  water,  and  in  thickly  settled  communities 
like  New  York  there  is  a  large  water  commerce  in  building  materials, 
such  as  brick,  stone,  lime,  cement,  sand,  and  gravel. 

The  Illinois  River  flows  through  one  of  the  richest  farming  regions 
of  the  United  States.  There  are  along  its  banks  large  mineral 
deposits,  especially  coal,  building  stone,  and  the  ingredients  for 
making  cement,  so  that  the  valley  itself  is  capable  of  producing  a 
large  amount  of  the  commodities  which  seek  water  transportation. 
The  natural  markets  for  this  section  are  now  Chicago  and  St.  Louis, 
and  were  both  New  Orleans  and  the  Northwest  connected  with  the 
Illinois  River  by  suitable  water  transportation  they  might  become 
additional  markets.  The  Board  on  a  survey  of  the  Mississippi 
River,  whose  report  is  published  as  House  Document  No.  50,  Sixty- 
first  Congress,  first  session,  made  a  careful  investigation  of  the 
probable  commerce  of  the  section  of  this  water  route  from  St.  Louis, 
Mo.,  to  its  mouth,  which  is  already  of  width  and  depth  sufficient 
for  its  present  commerce,  and  concluded  that  neither  the  natural  and 
industrial  resources  nor  the  density  of  population  along  the  Mississippi 
River  were  sufficient  to  create  a  large  water-borne  commerce,  and 
that  only  from  its  tributaries  could  be  expected  a  commerce  sufficient 
to  justify  a  large  expenditure  for  greater  dimensions.  The  Ohio 
River  and  its  tributaries  penetrate  the  iron  and  coal  fields  of  the 
Appalachian  system,  and  have  on  their  banks  large  manufacturing 
centers  at  Pittsburg,  Wheeling,  Cincinnati,  Louisville,  Nashville, 
Chattanooga,  and  elsewhere.  The  upper  Mississippi  affords  a  line 
of  water  transportation  for  the  grain,  iron  ore,  and  lumber  of  the 
Northwest,  the  Missouri  reaches  the  grain  fields  of  the  West,  and 
the  White,  Arkansas,  and  Red  Rivers  afford  an  outlet  for  southern 
products.  In  addition  it  is  the  expectation  of  many  of  the  advo¬ 
cates  of  a  waterway  from  Chicago  to  the  Gulf  that  much  of  the 
commerce  of  the  Great  Lakes  can  be  diverted  thereto,  although  it 
now  generally  moves  in  an  east  and  west  direction.  Finally,  there 
is  the  commerce  of  the  Gulf,  expected  to  largely  increase  with  the 
completion  of  the  Panama  Canal,  some  of  which  it  is  claimed  would 
be  carried  to  Chicago  were  an  adequate  waterway  provided.  There 
are,  therefore,  four  sources  of  possible  commerce  for  the  proposed 
waterway:  First,  its  immediate  banks;  second,  the  tributary  rivers; 
third,  the  Great  Lakes;  and,  fourth,  the  Gulf  of  Mexico. 

The  types  of  vessels  which  can  most  economically  handle  such 
commerce  differ  radically.  A  vessel  navigating  the  ocean  has  to 
combat  violent  storms  and  severe  wave  action,  and  requires  such 
relations  between  length,  width,  and  depth  as  to  secure  good  lines, 
great  stiffness  of  hull,  and  maximum  stability.  For  ocean  service  the 
experience  of  the  past  50  years  has  evolved  an  economic  freight 
steamer  with  a  draft  between  20  and  30  feet,  though  at  a  few  of  the 
principal  ports  vessels  drawing  from  30  to  40  feet  are  being  introduced. 

On  the  Great  Lakes,  since  storm  waves  are  not  as  large  as  on  the 
ocean,  and  harbors  of  refuge  are  more  frequent,  less  structural 
strength  is  necessary  in  vessels,  and  for  the  same  draft  the  displace- 
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ment  may  be  much  greater  than  on  the  ocean.  Experience  on  the 
Great  Lakes  has  evolved  an  economic  bulk  cargo  steamer  with  a 
length  of  550  to  600  feet,  which,  when  loaded  to  an  ultimate  draft  of 
21  to  24  feet,  carries  a  cargo  of  10,000  to  15,000  tons.  The  package 
freighter  employed  on  the  Lakes  by  the  various  railway  corporations  is 
of  somewhat  smaller  dimensions  and  has  a  draft  of  18  to  19  feet. 
These  two  types  of  vessels  now  carry  the  bulk  of  the  iron  ore,  coal, 
grain,  and  merchandise  of  the  Great  Lakes  and  the  cost  of  trans¬ 
portation  has  been  reduced  at  least  half  in  the  past  20  years. 

On  rivers,  vessels  are  not  exposed  to  wave  action,  and  their 
structural  strength  and  draft  for  the  same  displacement  can  therefore 
further  be  diminished.  The  early  river  packet  was  a  frail  stern  or 
side  wheel  steamer  having  a  draft  of  3  to  10  feet,  but  as  a 
freight  carrier  it  has  now  been  generally  displaced  by  barges,  which 
experience  has  demonstrated  to  be  more  economical.  These  barges 
have  a  draft  not  exceeding  8£  feet  and  a  capacity  up  to  3,000  tons. 
They  are  assembled  in  tows  and  handled  by  a  powerful  toy  boat,  in 
which  the  same  economies  in  steam  consumption  are  obtained  as  in 
the  modern  lake  or  ocean  steamship. 

The  experience  of  foreign  nations  in  river  navigation  is  similar  to 
that  of  the  United  States,  as  is  illustrated  by  the  enormous  traffic  of 
the  River  Rhine  which,  according  to  the  “Statistik  des  Deutschen 
Reichs,  Band  226,”  amounted  in  1908  to  about  54,000,000  tons 
between  Strassburg  and  the  Dutch  frontier.  The  low-water  depth 
of  the  channel  upon  which  this  large  volume  of  freight  was  carried,  as 
described  in  the  preliminary  report  of  the  United  States  National 
Waterways  Commission,  1910,  was  only  9.8  feet  for  110  miles  from 
the  Dutch  frontier  up  to  Cologne,  thence  8.2  feet  for  82  miles  to 
St.  Goar,  thence  6.6  feet  for  79  miles  to  Mannheim,  and  thence  4  feet 
for  84  miles  to  Strassburg.  About  30  per  cent  of  the  traffic  of  1908 
used  the  river  above  Cologne  where  the  available  depths  vary,  as 
above  stated,  from  4  feet  in  the  section  immediately  below  Strassburg, 
to  a  maximum  of  8.2  feet  in  the  section  immediately  above  Cologne. 
Bulky  commodities  are  transported  in  fleets  of  barges  towed  by 
special  steamers  designed  for  the  purpose.  The  United  States  consul 
general  at  Berlin  reported  to  the  Department  of  State  under  date  of 
August  18,  1909,  that  the  capacity  of  the  largest  Rhine  barges  is  oyer 
2,600  tons,  with  a  length  of  336.6  feet,  a  beam  of  39.6  feet,  and  a 
maximum  draft  of  9.4  feet 5  that  the  largest  Rhine  towboat  has  a 
length  of  249.3  feet,  a  breadth  of  29.5  feet,  and  that  the  most  power¬ 
ful  Thave  from  1,300  to  1,450  horsepower.  Under  date  of  March  7, 
1910,  he  reported  that  the  Rhine  boats  on  an  average  are  237  feet  long 
and  30.6  feet  beam,  with  carrying  capacity  of  from  480  to  1,000  tons 
on  drafts  of  4  to  7\  feet.  Package  freight  is  carried  m  separate 
steamers,  and  he  stated  that  the  capacity  of  the  largest  Rhine  height 
steamer  is  975  tons,  with  a  draft  of  7.9  feet,  a  length  of  278.9 'feet,  and 
a  breadth  of  29.5  feet.  According  to  a  report  made  by  Maj.  b.  A. 
Mahan,  Corps  of  Engineers,  retired,  in  1903  the  total  number  of  sail¬ 
ing  vessels  and  towed  barges  on  the  Rhine  was  then  8,379,  and  the 
total  number  of  towboats  was  745,  while  of  other  steameis  of  all 
classes  there  were  but  378,  including  156  package  freight  steamers 
According  to  information  furnished  by  the  American  consul  general 
at  Frankfort  in  1908  the  Rhine  fleet  consisted  of  1,318  steam  vessels 
with  indicated  horsepower  of  295,849  and  9,759  barges  with  a  carry- 
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ing.  capacity  of  3,960,378  tons,  or  11,077  vessels  in  all.  These  figures 
plainly  show  the  predominating  character  of  towboat  navigation. 
No  other  river  of  Europe  carries  a  commerce  comparable  with  that  of 
the  Rhine,  and  it  is  clear  that  for  the  proposed  waterway  a  channel 
equal  to  that  now  found  on  the  Rhine  will  be  adequate  for  an  immense 
traffic. 

From  the  preceding  it  follows  that  if  the  waterway  is  to  be  used  by 
vessels  capable  of  navigating  the  ocean  and  the  Great  Lakes,  it  should 
be  given  a  depth  sufficient  for  the  economic  carriers  above  described, 
and  this,  in  the  opinion  of  the  Board,  should  be  not  less  than  24  feet; 
but  if  it  is  to  be  constructed  for  vessels  adapted  to  river  traffic, 
economic  navigation  does  not  require  its  depth  to  exceed  9  feet! 
The  depth  of  14  feet,  so  strenuously  insisted  upon  by  certain  advo¬ 
cates  of  the  waterway,  is  greater  than  necessary  for  river  navigation, 
and  entirely  insufficient  for  either  lake  or  ocean  vessels.  The  only 
canals  of  14  feet  depth  of  which  the  board  has  knowledge  are  the 
Canadian  canals  along  the  St.  Lawrence  River  and  the  Welland 
Canal  connecting  Lakes  Erie  and  Ontario,  which  were  constructed 
in  the  infancy  of  lake  navigation.  Little  use  is  now  made  of  them 
for  transportation  to  and  from  Chicago.  This  depth  has  not  been 
adopted  by  any  other  nation,  nor  retained  by  Canada  in  recent 
projects. 

A  24-foot  waterway  from  Chicago  to  the  Gulf  has  never  been  con¬ 
sidered  by  Congress,  but  its  cost  would  be  enormous,  and  even  if 
constructed,  it  would  never  be  used  commercially  by  the  vessels  for 
which  designed.  Barge  navigation  on  rivers  has  been  developed  to 
such  efficiency  that  it  is  estimated  in  House  Document  No.  492, 
Sixtieth  Congress,  first  session,  that  coal  can  be  shipped  from  Pitts¬ 
burg  to  New  Orleans  in  a  9-foot  channel  for  0.376  mills  per  ton  mile, 
which  is  a  low  rate  even  for  lake  and  ocean  vessels  of  21 -foot  draft! 
Both  lake  and  ocean  vessels  are  designed  for  use  in  waters  of  gieat 
depth  and  unlimited  width  which  they  navigate  with  unrestricted 
speed  and  comparative  safety,  but  on  rivers,  canals,  or  other  con¬ 
tracted  waters,  they  must  materially  reduce  their  speed  and  some¬ 
times  require  assistance  by  tugs.  In  tire  report  of  the  committee  on 
the  canals  of  New  York  State,  1899,  it  is  shown  that  the  first  cost  of 
lake  vessels  is  so  great,  and  their  rate  of  speed  on  canals  so  slow,  that 
interest  charges  alone  will  prevent  them  from  competing  with  barge 
navigation.  Moreover,  on  the  Mississippi  River,  with  its  swift  current, 
crooked  channels,  and  other  difficulties  of  navigation,  insurance 
charges  would  place  them  at  a  further  disadvantage  as  compared  with 
the  ordinary  river  craft.  Ocean,  lake,  and  river  boats  have  been 
specially  designed  for  the  work  they  have  to  perform,  and  when 
diverted  therefrom,  lose  in  economy.  Should  a  lake  vessel  drawing 
14  feet  attempt  to  engage  in  commerce  between  Duluth  and  Liverpool 
via  the  Mississippi  River,  it  would  be  in  competition  with  the  modern 
lake  freighter  from  Duluth  to  Chicago,  the  modern  barge  and  towboat 
from  Chicago  to  New  Orleans,  and  the  modern  ocean  freighter  from 
New  Orleans  to  Liverpool,  each  specially  adapted  to  its  portion  of  the 
route  and  able  to  carry  freight  for  less  than  one-half  the  rate  the 
vessel  of  14  feet  draft  would  be  forced  to  charge. 

Considered  as  a  business  investment,  a  waterway  of  even  moderate 
depth  irom  Chicago  to  the  Gulf  is  still  more  or  less  experimental. 

4 here  is  already  maintained  under  existing  projects  a  channel  of  9 
feel  depth  from  New  Orleans  to  Cairo,  and  of  8  feet  from  Cairo  to  St. 
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Louis,  and  of  at  least  4^  feet  from  St.  Louis  to  Chicago  via  the  Illinois 
and  Michigan  Canal.  With  the  exception  of  coal  from  the  Ohio 
River,  the  existing  commerce  on  any  portion  of  this  route  is  small, 
Te  justify  even  existing  expenditures,  commerce  must  be  developed 
in  the  tributaries,  and  until  it  is  created  a  further  enlargement  of  the 
main  stream  will  not  be  warranted.  A  uniform  depth  in  the  Missis¬ 
sippi  and  its  leading  tributaries  will  be  far  more  beneficial  to  the 
navigation  interests  of  the  United  States  than  a  main  channel  of 
great  depth  with  shallow  feeders.  As  a  channel  of  8  feet  depth  is  now 
maintained  from  Cairo  to  St.  Louis,  and  can  be  extended  from  St, 
Louis  to  Utica  at  relatively  small  cost,  business  caution  dictates  that 
a  waterway  of  this  depth  be  obtained  and  tested  before  entering  upon 
enormously  expensive  projects  of  questionable  utility. 

Should  commerce  respond  to  these  comparatively  moderate 
expenditures  and  utilize  the  waterway  provided,  and  should  an 
increasing  traffic  demonstrate  the  necessity  for  additional  depth,  then 
a  channel  of  9  feet  depth  can  be  constructed  from  Cairo  to  Utica. 
This  can  be  obtained  at  a  small  additional  cost  and  will  correspond  to 
the  depth  provided  by  the  existing  projects  for  improving  the  Ohio 
and  lower  Mississippi  Rivers.  For  the  locks  and  other  new  construc¬ 
tions  between  Utica  and  Lockport  the  extra  foot  of  depth  should  be 
obtained  at  the  outset,  since  its  cost  will  be  comparatively  small. 
When  a  9-foot  waterway  has  been  provided  between  Chicago,  St, 
Louis,  New  Orleans,  and  the  cities  in  the  Ohio  Valley,  should  naviga¬ 
tion  keep  pace  with  the  improvement  and  still  greater  depths  appear 
economically  desirable,  they  may  be  created  without  sacrificing  the 
work  now  recommended  by  the  Board.  In  such  case,  the  original 
locks  will  still  be  valuable  to  provide  for  the  smaller  craft  which  will 
continue  to  navigate  the  minor  tributaries  as  well  as  the  main  stream. 

The  course  thus  outlined  corresponds  to  that  which  the  Govern¬ 
ment  has  so  successfully  pursued  with  the  large  commerce  on  the 
Great  Lakes,  where  it  has  deepened  and  enlarged  channels  as  naviga¬ 
tion  has  required.  Harbors  of  23  feet  depth  and  the  new  24J-f oofc 
lock  at  the  St.  Marys  Falls  Canal  are  now  logical,  but  to  have  con¬ 
structed  them  when  the  navigation  of  the  lakes  was  confined  to  vessels 
drawing  but  12  feet  would  not  have  been  a  judicious  expenditure  of 
public  funds.  The  old  Weitzel  Lock  is  still  profitably  utilized  for  the 
passage  of  light-draft  boats,  and  thus  relieves  the  new  deeper  locks, 
which  are  frequently  taxed  to  their  full  capacity. 

The  board  considers  a  bottom  width  of  160  feet  in  canal  and  200 
feet  in  the  open  river  above  the  mouth  of  the  Illinois  sufficient  for 
a  channel  of  8  or  9  feet  available  depth.  For  safety  and  ease  of 
navigation  the  channel  should  be  excavated  to  11  feet  in  rock  cuts 
and  canals,  and  the  locks  should  be  given  1 1  feet  depth,  80  feet  width, 
and  600  feet  useful  length.  With  these  lock  dimensions  three  barges., 
carrying  about  9,000  tons  of  freight,  may  be  locked  through  with 
their  tow  boat.  A  waterway  of  these  dimensions  would  have  & 
capacity  exceeding  100,000,000  tons  per  annum,  and  would  accom¬ 
modate  barge  tows  carrying  about  nine  times  the  ordinary  train 
load  of  this  vicinity.  In  addition,  the  vessels  using  it  would  be 
capable  of  navigating  the  Ohio  and  lower  Mississippi  Rivers.  Such 
a  waterway  will  not  require  a  diversion  of  more  than  1,000  second- 
feet  from  Lake  Michigan,  and  this  amount  would  not  injuriously 
lower  lake  levels  nor  cause  excessive  flooding  of  lands  in  the  Illinois 
Valley. 
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COOPERATION  WITH  THE  STATE  OP  ILLINOIS. 

On  December  8,  1910,  the  Hon.  Charles  S.  Deneen,  governor  of 
Illinois,  accompanied  by  Mr.  Isham  Randolph,  chairman,  and  Mr. 
Robert  I.  Randolph,  secretary,  of  the  Internal  Improvement 
Commission  of  Illinois,  appeared  before  the  board  and  made  an 
explanation  of  the  policy  and  plans  of  the  State  in  connection  with 
the  development  of  the  proposed  waterway.  In  anticipation  of  the 
hearing,  Mr.  Isham  Randolph,  designated  by  the  governor  as  the 
authorized  agency  of  the  State  of  Illinois,  filed  with  the  Board  a 
letter  and  plans  embodying  the  State’s  proposals.  A  copy  of  the 
letter  accompanies  this  report,  marked  “Appendix  A.” 

Briefly,  the  project  presented  by  the  State  of  Illinois  contemplates 
the  development  of  water  power  at  4  sites  between  Lockport  and 
Utica,  and  the  improvement  of  navigation  by  the  construction  of 
5  large  locks,  80  by  900  feet  in  horizontal  dimensions,  with  24  feet 
depth  on  their  miter  sills.  The  uppermost  lock  of  the  series  will  be  at 
Lockport  connecting  with  Lake  Michigan,  and  the  lowest  will  be  at 
Utica,  connecting  with  the  already  improved  portion  of  the  Illinois 
River.  The  locks  between  Lockport  and  Utica  are  to  be  connected  by 
channels  300  feet  wide,  24  feet  deep  as  far  as  Lock  No.  2  at  Brandon 
Bridge  below  Joliet,  and  thence  to  Utica  of  not  less  than  9  feet  imme¬ 
diate,  and  not  less  than  14  feet  later,  depth,  and  a  bottom  width  of 
not  less  than  200  feet.  These  channels  are  to  be  in  the  river  bed, 
except  at  the  mouth  of  the  Des  Plaines  River  and  at  Marseilles,  where 
short  sections  of  canal  are  proposed.  This  project  is  practically  the 
same  as  that  printed  in  the  1909  report  of  the  Internal  Improvement 
Commission  of  Illinois,  and  the  estimate  of  cost  is  $19,957,517.  It 
differs  from  any  heretofore  submitted  to  Congress  in  that  it  proposes 
the  utilization  for  power  purposes  of  the  water  which  may  flow  through 
the  Chicago  Drainage  Canal  and  contemplates  an  ultimate  channel 
depth  of  24  feet  for  navigation  purposes,  though  the  estimates  pro¬ 
vide  for  24  feet  only  to  Brandon  Bridge  and  for  14  feet  below. 

The  Board  of  Engineers  whose  report  on  a  survey  for  a  navigable 
waterway  14  feet  deep  from  Lockport  to  the  mouth  of  the  Illinois 
River  is  published  in  House  Document  No.  263,  Fifty-ninth  Congress, 
first  session,  estimates  the  cost  of  the  same  portion  of  the  route  at 
$15,647,902,  but  its  plan  contemplates  2  canals  about  3  miles  long 
at  Joliet  and  Marseilles,  and  5  movable  dams  and  9  locks.  The 
locks  are  to  be  600  by  80  feet,  with  14  feet  on  the  sills,  and  existing 
conditions  are  to  be  changed  as  little  as  practicable,  thus  avoiding 
damages  to  riparian  owners  whether  for  power  rights  or  for  overflow. 

A  careful  examination  has  been  made  of  the  detailed  estimates 
presented  by  the  State  of  Illinois.  So  far  as  concerns  the  engineering 
features  alone,  such  as  excavation,  construction  of  dams,  locks,  power 

Elants,  etc.,  the  estimated  cost  is  reasonable.  The  State’s  estimate, 
owever,  includes  nothing  for  flow  age  damages  nor  for  the  purchase 
of  water-power  rights  and  franchises,  and  should  the  outcome  of 
judicial  proceedings  now  pending  cause  these  damages  and  rights  to 
assume  great  value,  the  State’s  estimate  would  then  be  insufficient. 

For  purposes  of  navigation  a  diversion  from  Lake  Michigan  of 
less  than  1,000  second-feet  of  water  is  all  that  will  be  necessary.  For 
purposes  of  sanitation  the  works  of  the  Sanitary  District  of  Chicago 
were  designed  to  allow  the  diversion  of  10,000  second-feet  and  now 
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contemplate  a  total  of  14,000  second-feet,  the  additional  4,000 
second-feet  to  be  obtained  by  the  diversion  of  water  through  the 
Calumet  River  and  a  connecting  canal  following  the  Sag  route.  The 
War  Department,  while  awaiting  the  definite  action  of  Congress, 
has  so  far  permitted  the  diversion  of  4,167  second-feet  and  the  Sani¬ 
tary  District  is  understood  to  be  using  about  7,000  second-feet.  As 
the  water  which  is  at  present  being  diverted  from  the  lake  appears 
to  have  already  seriously  affected  the  navigation  of  its  harbors  and 
connecting  waterways,  prompt  congressional  action  is  recommended 
to  limit  the  diversion. 

While  it  appears  to  have  been  assumed  that  the  Sanitary  District 
may  be  allowed  to  divert  10,000  second-feet  so  long  as  actually 
necessary  for  sanitary  purposes,  the  diversion  of  the  waters  of  the 
Great  Lakes  from  their  natural  outlet  for  power  development  alone 
is  inadmissible,  under  the  recent  treaty  between  the  United  States 
and  Great  Britain.  The  future  diversion  of  water  from  Lake  Michi¬ 
gan  for  any  purpose  is  fraught  with  difficulties.  Not  only  has 
Canada  an  interest  in  the  maintenance  of  lake  levels  which  the 
United  States  must  recognize,  but  every  foot  of  water  flowing 
through  the  Chicago  Drainage  Canal  lessens  the  flow  at  Niagara  Falls 
and  at  the  power  sites  along  the  St.  Lawrence  River,  where,  due  to 
the  fall  available,  the  same  amount  of  water  will  create  about  four 
times  the  power  that  can  be  generated  from  it  on  the  Des  Plaines 
and  Illinois  rivers.  The  treaty  enables  riparian  owners  of  Canada, 
as  well  as  of  the  United  States,  who  consider  themselves  injured  by 
such  diversion,  to  bring  suit  in  United  States  courts  to  protect  their 
interests.  The  claim  that  more  than  1,000  cubic  feet  per  second  is 
required  for  purposes  of  navigation  can  not  be  maintained.  The 
treaty,  however,  recognizes  as  proper  the  use  of  water  for  sanitary 
purposes,  and  it  is  the  opinion  of  the  Board  that  only  such  water 
should  be  diverted  from  Lake  Michigan  as  is  indispensable  for 
sanitation,  and  then  only  with  a  provision  for  proper  compensating 
works  in  the  outlets  of  the  lakes  to  prevent  a  lowering  of  their  levels. 
Water  thus  diverted  may  be  used  incidentally  for  power  purposes, 
but  care  must  be  exercised  in  authorizing  the  diversion  of  water 
for  sanitary  purposes,  to  restrict  it  to  the  amount  necessary  for  those 
purposes  alone. 

By  virtue  of  the  act  of  Congress  of  March  30,  1822,  dedicating  to 
the  State  of  Illinois  the  land  necessary  for  a  canal  connecting  the 
Illinois  River  with  Lake  Michigan,  and  the  act  of  March  2,  1827, 
granting  to  the  State  certain  public  lands  for  the  purpose  of  aiding 
in  its  construction,  and  the  acceptance  by  the  State  of  the  conditions 
imposed  therein,  the  State  of  Illinois  obligated  itself  to  construct  a 
suitable  waterway  from  Lake  Michigan  to  the  navigable  waters  of 
the  Illinois  River.  In  accordance  with  this  agreement  the  State 
constructed  the  Illinois  and  Michigan  Canal,  from  Bridgeport  to  La 
Salle,  and  improved  the  upper  portion  of  the  Illinois  River  by  the 
construction  of  locks  and  dams  at  Henry  and  Copperas  Creek. 

For  many  years  this  waterway  was  a  valuable  transportation  route, 
but  in  recent  years  the  State  has  neglected  it  and  failed  to  maintain  it 
abreast  of  the  needs  of  commerce.  The  work  now  proposed  by  the 
State  in  connection  with  the  canal  of  the  Chicago  Sanitary  District 
contemplates  a  waterway  from  Lake  Michigan  to  Utica,  which, 
although  departing  from  the  line  of  the  old  canal,  substitutes  a  water- 
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way  more  than  sufficient  for  any  probable  navigation.  This  will  in 
effect  fulfill  the  original  agreement  between  the  State  and  General 
Government  for  this  section  and  incidentally  develop  a  water  power 
which  the  State  considers  a  profitable  business  investment.  State  or 
local  agencies  are  better  adapted  than  the  General  Government  for 
conserving  water  power  for  their  citizens. 

The  Board  believes  that  the  State  is  more  generous  in  its  provisions 
for  navigation  than  necessity  requires,  that  the  locks  it  proposes  are 
larger  than  will  be  utilized,  and  that  its  original  agreement  would  be 
amply  fulfilled  if  it  constructed  locks  600  by  80  by  11  feet,  and 
reserved  at  each  lock  ground  sufficient  for  an  additional  lock  should 
it  ever  be  required,  but  it  is  also  of  the  opinion  that  the  State  should 
be  permitted  to  expend  its  own  funds  in  such  manner  as  it  deems 
proper.  With  locks  of  the  dimensions  suggested  by  the  Board  the 
$20,000,000  authorized  to  be  appropriated  by  the  State  should  com-  . 
plete  this  part  of  the  waterway;  and  unless  large  expenditures  are 
required  for  power  rights,  even  the  larger  locks  could  be  constructed 
for  that  amount. 

The  General  Government  wrill  then  fully  cooperate  with  the  State 
in  a  waterway  from  Lockport  to  the  mouth  of  the  Illinois  River  if  it 
assumes  charge  of  the  State  structures  at  Henry  and  Copperas  Creek, 
and  enlarges  the  existing  channel  in  the  Illinois  River  below  Utica  f 
to  suitable  dimensions.  The  Mississippi  River  from  the  mouth  of 
the  Illinois  to  St.  Louis  should  also  be  suitably  deepened. 

CONDITIONS  NECESSARY  IN  CONNECTION  WITH  COOPERATION  TO  FULLY 
PROTECT  THE  INTERESTS  OF  THE  UNITED  STATES. 

A  primary  condition  of  any  cooperation  between  the  United  States 
and  the  State  of  Illinois  should  be  the  acceptance  in  perpetuity  of 
full  responsibility  by  the  State  of  Illinois  or  its  agencies  for  all  dam¬ 
ages  by  changes  in  fake  levels,  including  cost  of  compensating  works, 
and  for  all  damages  to  riparian  owners,  and  the  State  should  transfer 
to  the  United  States  the  locks  and  the  control  of  the  new  waterway 
thus  created  so  far  as  needed  by  navigation,  and  the  locks  and  dams 
at  Henry  and  Copperas  Creek  on  the  Illinois  River.  With  such  a 
transfer  the  obligations  of  the  State  of  Illinois  to  the  United  States 
with  reference  to  the  maintenance  of  the  Illinois  and  Michigan  Canal 
may  be  considered  as  adequately  fulfilled,  and  any  equities  of  the 
United  States  in  the  rights-of-way  and  other  properties  of  this  canal 
should  be  transferred  by  the  United  States  to  the  State  of  Illinois. 

By  this  means  the  United  States,  at  a  relatively  small  outlay,  can, 
with  the  assistance  of  the  State  of  Illinois,  make  a  test  of  the  commer¬ 
cial  value  of  an  adequate  inland  waterway  connecting  Chicago  with 
the  cities  of  the  Mississippi  Valley.  The  plan  of  the  State  of  Illinois 
to  provide  a  navigable  connection  between  the  Great  Lakes  and  the 
Mississippi  River  may  be  of  such  commercial  value  to  the  United 
States  as  to  justify  generous  cooperation  in  its  completion.  The 
records  of  all  previous  investigations  into  the  merits  of  such  a  water¬ 
way  support  this  view.  There  is  no  objection  to  the  State’s  giving 
the  channel  such  dimensions  as  it  may  consider  advisable  in  order 
to  preserve  the  head  of  water  for  power  purposes,  provided  the}7  are 
not  less  than  those  considered  necessary  for  navigation.  Increased 
widths  and  depths  will  be  incidentally  of  benefit  to  navigation  by 
diminishing  the  velocity  with  which  the  water  will  flow  in  the  channel. 
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Should  the  State  of  Illinois  be  unable  to  complete  the  locks  sug¬ 
gested  by  the  Board  or  the  bridges  required  by  navigation,  the  United 
States  might  then  properly  undertake  to  complete  these  parts  of  the 
project,  but  as  the  authorized  appropriation  of  $20,000,000  by  the 
State  is  considered  sufficient  for  all  work  above  Utica,  no  estimates  are 
submitted  for  these  parts. 

PLANS  AND  ESTIMATES  OF  THE  COST  OF  WORK  RECOMMENDED  TO  BE 

DONE  BY  THE  UNITED  STATES. 

« 

The  existing  Federal  project  for  the  improvement  of  the  Illinois 
River,  adopted  in  1880,  together  with  the  existing  State  project, 
provides  for  a  7-foot  slackwater  navigation  from  Utica  to  its  mouth, 
which  has  been  already  obtained  by  dredging  and  by  the  construc¬ 
tion  of  four  dams,  with  locks  350  feet  long,  and  75  feet  wide. 

When  this  project  was  adopted  the  low-water  discharge  of  the 
Illinois  River  was  only  about  500  cubic  feet  per  second  at  Utica 
and  about  1,000  cubic  feet  per  second  at  its  mouth.  The  opening 
of  the  Chicago  Drainage  Canal  in  1900,  however,  radically  affected 
the  character  of  this  stream,  and  has  increased  its  low-water  dis¬ 
charge  at  the  present  time  to  over  5,000  cubic  feet  per  second,  and 
raised  the  level  of  low  water  so  that  8  feet  can  be  carried  to  Grafton, 
provided  that  the  upper  miter  sills  at  Henry  and  Copperas  Creek 
are  lowered  about  1  foot,  the  crests  of  the  dams  are  restored  at  the 
heights  to  which  they  were  originally  constructed,  and  portions  of 
the  pools  deepened  slightly  by  dredging. 

While  the  present  locks  are  smaller  than  the  Board  would  recom¬ 
mend  if  new  structures  were  to  be  created,  they  will  efficiently  pro¬ 
vide  for  an  extensive  commerce,  though  large  tows  will  have  to  be 
passed  through  them  in  sections.  If  a  commerce  should  ever  de¬ 
velop  that  would  require  the  construction  of  larger  locks,  or  a  depth 
of  9  feet,  the  necessary  locks  can  then  be  added. 

Using  the  present  locks,  the  estimate  for  an  8-foot  waterway  from 
Utica  to  the  mouth  of  the  river,  is  as  follows: 


'  Excavation  in  pools  and  in  river  below  Kampsville .  $887,  545 

Lowering  miter  sills  and  reconstructing  gates .  60.  000 

Restoring  crest  Kampsville  Dam .  7,  000 

Miscellaneous  and  contingencies,  10  per  cent .  95,  455 


Total .  1,050,000 


Including  new  locks  the  estimate  for  a  9-foot  waterway,  which  may 
ultimately  be  required,  is  as  follows: 


Subdivisions. 

Length 
in  miles. 

Excava¬ 

tion. 

Locks. 

Miscella¬ 
neous  and 
contingen¬ 
cies. 

Total. 

Kampsville  Lock  to  Grafton . 

La  Grange  Lock  to  Kampsville  Lock . 

Copperas  Creek  Lock  to  La  Grange  Lock  .... 

Henry  Lock  to  Copperas  Creek  Lock . 

Utica  to  Henrv  Lock . 

Total . 

31.5 

46.0 

59.3 

59.3 

35.0 

$342,600 

338,600 

259,409 

310.500 

417,800 

$519,000 

505,000 

480,000 

468.000 

$34,260 

85.760 

76,441 

79,0:.0 

88.580 

$376, 860 
943.360 
840.850 
S69, 550 
974,380 

231.1 

1,668,909 

1,972,000 

364,091 

4.005,000 
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The  annual  cost  of  maintenance  below  Utica  is  estimated  as  fol¬ 
lows  : 

For  an  8-foot  waterway: 


4  locks,  at  $10,000 . . . .  — . . . . . . . .  $40,  000 

Dredging . . . . . . . . . . . .  25,  000 


65,  000 


For  a  9-foot  waterway: 

4  pairs  locks,  at  $14,000 . . .  56,  000 

Dredging . . . . . .  35,000 


91,  000 

Above  Utica:  5  locks,  at  $10,000 . —  50,  000 

The  report  of  the  Board  of  1905  for  obtaining  a  14-foot  waterway 
(H.  Doc.  No.  263,  59th  Cong.,  1st  sess.)  provides  for  a  movable  dam 
at  Alton,  and  a  canal  on  the  east  side  of  the  river  between  Alton  and 
St.  Louis,  considered  necessary  for  such  depth  on  account  of  the  steep 
slope  in  the  Mississippi  River  in  the  vicinity  of  the  Chain  of  Rocks 
between  St.  Louis  and  the  mouth  of  the  Missouri  River,  the  large 
amount  of  sediment  in  the  Missouri  River,  and  the  extreme  variation 
in  the  regimen  of  the  river  at  this  locality. 

For  an  8-foot  channel  the  main  river  can  be  utilized  and  the  depths 
obtained  by  contraction  works  and  shore  protection  as  on  the  upper 
Mississippi  and  below  St.  Louis  more  cheaply  than  by  a  lateral  canal. 
This  will  also  allow  to  Missouri  River  boats  free  access  both  to  the 
upper  Mississippi  River  and  to  the  portion  of  the  river  between  St. 
Louis  and  the  mouth  of  the  Missouri  River,  which  would  be  cut  off 
by  the  Alton  Dam.  To  obtain  an  8-foot  depth,  it  is  proposed  to  con¬ 
tract  the  river  to  widths  varying  from  1,250  to  2,100  feet  by  a  system 
of  wing  dams,  to  revet  the  caving  banks,  and  to  excavate  through  the 
Chain  of  Rocks  a  channel  500  feet  wide  and  10  feet  deep  at  low  water. 
The  estimated  cost  of  this  work  is  as  follows : 


St.  Louis,  Mo.,  to  Grafton,  III. 

Wing  dams: 

Grafton  to  Missouri  River,  linear  feet  60,400,  at  $12.50 .  $755,  000 

Missouri  River  to  St.  Louis,  linear  feet  26,500,  at  $25 . . .  662,500 


Total  for  new  wing  dams . .  1,  417,  500 

Repairs  to  old  work .  150,  000 

Shore  protection: 

Grafton  to  Missouri  River,  linear  feet  64,000,  at  $8 .  $512,  000 

Missouri  River  to  St.  Louis,  linear  feet  54,000,  at  $15 .  810,  000 


Total  for  shore  protection .  1,  322,  000 

Rock  excavation  at  Chain  of  Rocks,  cubic  yards  138,000,  at  $3.50 .  483,000 

3,  372,  500 

Miscellaneous  and  contingencies,  approximately  10  per  cent .  337,  500 

Total . . . . . . .  3,710,000 


The  cost  of  annual  maintenance  is  estimated  at  $125,000,  including 
channel  dredging. 

A  channel  of  9  feet  depth  can  subsequently  be  obtained  by  dredging, 
at  an  estimated  additional  cost  of  $75,000  per  year. 

When  the  existing  project  for  an  8-foot  waterway  from  St.  Louis  to 
Cairo  is  completed,  it  can  be  maintained  at  9  feet  by  dredging  for  an 
additional  expenditure  of  $100,000  annually. 
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The  work  recommended  by  the  Board  in  the  near  future,  therefore, 
consists  of  enlarging  the  channel  of  the  Illinois  River  from  Utica  to 
its  mouth  to  8  feet,  at  an  estimated  cost  of  $1,050,000,  and  providing 
an  8-foot  channel  in  the  Mississippi  River  from  the  mouth  of  the 
Illinois  to  St.  Louis,  at  an  estimated  cost  of  $3,710,000. 

Until  it  obtains  further  data  the  Board  defers  its  report  upon  the 
measures  required  to  properly  preserve  the  levels  of  the  Great  Lakes 
and  to  compensate  so  far  as  practicable  for  the  diminished  level  in 
such  lakes  by  reason  of  any  diversion  of  water  from  Lake  Michigan; 
upon  the  influence  on  volume  and  height  of  waters  in  the  Mississippi 
River  below  Cairo;  upon  the  effect  upon  the  climate  of  the  Lake 
States  by  a  change  in  the  natural  currents  of  Lake  Michigan;  upon 
the  improvement  of  the  Mississippi  between  the  mouth  of  the  Illinois 
River  and  the  mouth  of  the  Ohio  River  by  the  construction  of  a  dam 
at  or  near  Jefferson  Barracks,  and  a  dam  at  or  near  Commerce,  and 
the  development  of  water  power  incidentally  created  by  such  dams. 

Respectfully  submitted. 

W.  H.  Bixby, 

Briq.  Gen.,  Chief  of  Engineers ,  United  States  Army . 

C.  McD.  Townsend, 

Colonel ,  Corps  of  Engineers . 

C.  Keller, 

Major,  Corps  of  Engineers , 

J.  B.  Cavanaugh, 

Major,  Corps  of  Engineers . 

John  Bogart, 

Civil  Engineer . 

The  Chief  of  Engineers,  U.  S.  Army. 

[Second  indorsement.] 

The  Board  of  Engineers  for  Rivers  and  Harbors, 

Washington,  January  30,  1911. 

Respectfully  returned  to  the  Chief  of  Engineers,  U.  S.  Army. 

This  is  the  second  report  of  the  special  Board  of  Engineers  author¬ 
ized  by  the  river  and  harbor  act  of  June  25,  1910,  to  consider  the 
“waterway  from  Lockport,  Ill.,  by  way  of  the  Des  Plaines  and  Illinois 
rivers  to  the  mouth  of  said  Illinois  River. ;;  The  preliminary  report 
of  November  1,  1910,  merely  outlined  the  subjects  to  be  considered 
and  explained  the  necessity  of  taking  further  time  to  report  upon  the 
matters  specified  by  Congress  in  the  act  aforesaid.  The  present 
report  covers  five  of  these  subjects,  as  follows: 

(a)  Feasibility  of  the  waterway. 

( b )  The  most  advisable  depth  and  dimensions  for  the  waterway. 

(c)  Cooperation  with  the  State  of  Illinois. 

(d)  Conditions  necessary  in  connection  with  cooperation  to  fully 
protect  the  interests  of  the  United  States. 

( e )  Plans  and  estimates  of  the  cost  of  work  recommended  to  be 
done  by  the  United  States. 

The  special  Board  concludes: 

(a)  That  the  waterway  is  feasible. 

(b)  That  8  feet  is  the  most  advisable  depth  for  immediate  construc¬ 
tion,  to  be  increased  later  to  9  feet  if  the  interests  of  commerce  appear 
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to  require  it,  providing  originally,  however,  11  feet  in  rock  cuts  and 
canals  and  any  new  locks  to  be  built,  and  giving  a  bottom  channel 
width  of  160  feet  in  canal  and  200  feet  in  the  open  river  above  the 
mouth  of  the  Illinois. 

(c)  That  the  United  States  should  cooperate  with  the  State  of  Illi¬ 
nois  in  a  waterway  from  Lockport  to  the  mouth  of  the  Illinois  River, 
the  State  building  that  portion  from  Lockport  to  Utica,  and  the 
United  States  providing  that  portion  between  Utica  and  the  mouth 
of  the  Illinois  River,  assuming  charge  of  the  State  locks  and  dams  at 
Henry  and  Copperas  Creek,  and  also  the  maintenance  and  operation 
of  the  locks  to  be  provided  by  the  State  between  Lockport  and  Utica. 

(d)  That  “a  primary  condition  of  any  cooperation  between  the 
United  States  and  the' State  of  Illinois  should  be  the  acceptance  in 
perpetuity  of  full  responsibility  by  the  State  of  Illinois  or  its  agencies 
for  all  damages  by  changes  in  lake  levels,  including  cost  of  compen¬ 
sating  works,  and  for  all  damages  to  riparian  owners,  and  the  State 
should  transfer  to  the  United  States  the  locks  and  the  control  of  the 
new  waterway  thus  created  so  far  as  needed  by  navigation,  and  the 
locks  and  dams  at  Henry  and  Copperas  Creek  on  the  Illinois  River.” 

( e )  That  the  work  now  recommended  to  be  done  by  the  United 
States,  using  the  present  locks  (75  by  350  feet)  and  providing  an  8- 
foot  waterway,  will  involve  excavation  in  the  pools  and  open  river, 
lowering  miter  sills,  and  reconstructing  gates,  and  restoring  the  crest 
of  the  Kampsville  Dam,  at  a  total  estimated  cost  of  $1,050,000. 
The  estimate  for  the  9-foot  waterway  and  new  locks  (80  by  600)  that 
may  ultimately  be  required  is  $4,005,000.  The  annual  cost  of  main¬ 
tenance  is  estimated  at  $1 15,000  for  the  8-foot  waterway,  and  $141,000 
for  the  9-foot  waterway. 

The  special  Board  also  submits  a  plan  and  recommendation  for 
open-river  improvement  in  the  Mississippi  River  to  provide  a  depth 
oi  8  feet  between  the  mouth  of  the  Illinois  River  and  St.  Louis,  at 
an  estimated  cost  of  $3,710,000,  with  an  annual  charge  of  $125,000 
for  maintenance.  It  states  that  after  the  8-foot  channel  is  provided, 
a  depth  of  9  feet  can  be  obtained  by  dredging  between  these  points 
with  an  additional  annual  expenditure  of  $75,000.  It  thus  appears 
that  the  estimated  annual  cost  of  maintenance  to  be  assumed  by  the 
United  States  is  $240,000  for  the  proposed  8-foot  waterway  from 
Chicago  to  St.  Louis  and  $341,000  for  the  9-foot  waterway. 

Pending  the  collection  of  further  data,  the  special  Board  does  not 
report  upon  the  improvement  of  this  portion  of  the  Mississippi  River 
by  dams  at  or  near  Jefferson  Barracks  and  Commerce,  and  upon 
the  other  matters  specified  in  the  law,  viz,  the  measures  required  to 
properly  preserve  the  levels  of  the  Great  Lakes  and  to  compensate, 
so  far  as  practicable,  for  the  diminished  level  in  such  lakes  by  reason 
of  any  diversion  of  water  from  Lake  Michigan,  the  influence  of  volume 
and  height  of  waters  in  the  Mississippi  River  below  Cairo,  and  the 
effect  upon  the  climate  of  the  Lake  States  by  a  change  in  the  natural 
currents  of  Lake  Michigan. 

After  careful  consideration,  the  Board  of  Engineers  for  Rivers  and 
Harbors  concurs  in  general  with  the  special  Board  in  its  conclusions 
concerning  the  waterway  from  Lockport,  Ill.,  to  the  mouth  of  the 
Illinois  River,  but  it  does  not  believe  that  the  plan  of  improvement 
proposed  for  the  Mississippi  River  between  the  mouth  of  the  Illinois 
and  St.  Louis  should  be  adopted  until  report  has  been  made  as  re- 
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quired  by  Congress  upon  the  improvement  of  the  Mississippi  River 
by  dams  at  or  near  Jefferson  Barracks  and  Commerce. 

It  does  not  concur  with  the  view  of  the  special  Board  that  the 
United  States  should  assume  that  part,  if  any,  of  the  cost  that  is  in 
excess  of  $20,000,000  for  constructing  the  portion  of  the  waterway 
between  Lockport  and  Utica.  Moreover,  it  suggests  that  the  amount 
of  diversion  to  be  permitted  from  Lake  Michigan  should  be  deter¬ 
mined,  if  practicable,  before  the  project  is  undertaken.  Not  only 
may  this  affect  the  attitude  of  the  State  toward  the  work,  but  also 
when  the  approximate  minimum  flow  is  known  it  may  be  found 
advisable  to  substitute  open  channel  work  for  the  four  existing  locks 
and  dams  that  are  retained  in  the  plan  of  the  special  Board. 

It  is  understood  that  the  Sanitary  District  of  Chicago  and  the 
State  expect  to  develop  considerable  water  power  on  that  portion  of 
the  waterway  between  Chicago  and  Utica.  As  it  is  proposed  that 
the  navigable  channel  between  these  points  shall  be  built  without 
cost  to  the  United  States,  it  is  believed  that  the  General  Government 
should  relinquish  to  these  local  agencies  any  rights  that  it  may  have 
in  the  power  to  be  thus  developed.  It  does  not  appear  that  there  is 
any  question  of  water  power,  flood  control,  or  other  matter  that  can 
be  coordinated  with  that  portion  of  the  work  to  be  done  by  the  United 
States  for  the  improvement  of  navigation,  so  as  to  lessen  the  cost  and 
compensate  the  Government  for  its  expenditures  made  in  the  interest 
of  navigation. 

In  conclusion  it  is  recommended  that  the  work  proposed  by  the 
special  Board  for  the  United  States  in  the  Illinois  River  be  not  under¬ 
taken  until  the  Secretary  of  War  has  received  satisfactory  assurance 
from  the  State  of  Illinois  that  the  State  will  build  that  portion  of  the 
waterway  from  Lockport  to  Utica  without  cost  to  the  United  States, 
and  in  accordance  with  plans  to  be  approved  by  him;  and,  further, 
until  the  interests  of  the  United  States  have  been  satisfactorily  safe¬ 
guarded  as  indicated  by  the  special  board,  viz,  that  the  State  of 
Illinois  or  its  agencies  shall  assume  entire  responsibility  in  perpetuity 
for  all  damages  by  changes  in  lake  levels  incident  to  the  work,  includ¬ 
ing  cost  of  compensating  works,  and  for  all  damages  to  riparian 
owners  along  the  proposed  waterway  from  Lake  Michigan  to  the 
mouth  of  the  Illinois  River,  and  that  the  State  shall  transfer  to  the 
United  States  the  locks  and  the  control  of  the  new  waterway  thus 
created  so  far  as  needed  for  navigation,  and  the  locks  and  dams  at 
Henry  and  Copperas  Creek  on  the  Illinois  River. 

Complying  with  the  requirement  in  section  3  of  the  river  and  harbor 
act  of  June  25,  1910,  that  “  reports  containing  plans  and  estimates 
shall  also  contain  a  statement  as  to  the  rate  at  which  the  work  should 
be  prosecuted,”  the  Board  reports  that  as  the  appropriation  of 
$1,000,000,  in  accordance  with  which  the  present  investigation  is  made, 
is  approximately  equal  to  the  estimated  cost  of  the  work  proposed,  it 
appears  that  no  further  appropriation  is  now  needed  and  that  the 
work  may  be  prosecuted  at  the  maximum  rate  consistent  with  its 
economical  execution  after  the  adoption  of  the  project  by  Congress 
and  the  assumption  of  the  obligation  recommended  to  be  imposed 
upon  the  State  of  Illinois. 

For  the  Board!  Wm.  T.  Rossell, 

Colonel ,  Corps  of  Engineers , 

Senior  Member  of  the  Board. 


H.  Doc.  762,  (3-2 - S 
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LETTER  OF  MR.  IS  HAM  RANDOLPH,  THE  AUTHORIZED  AGENCY  OF  STATE  OF  ILLINOIS. 

Chicago,  November  5,  1910. 

Dear  General:  I  am  sending  you  the  communication  addressed  to  the  Board  of 
which  you  are  chairman,  together  with  other  data  desired  by  yourself  and  associates. 
Gov.  Deneen  approves  of  the  policy  outlined  in  my  communication  to  your  commis¬ 
sion  and  accepts  it  without  omission,  addition,  or  amendment  of  any  kind  and  we  will 
put  the  questions  at  issue  up  to  the  State  legislature  just  as  we  present  them  to  you. 

The  governor  will  be  pleased  to  confer  with  your  commission  in  Washington  on  or 
about  the  8th  of  December. 

Yours,  cordially,  Isham  Randolph. 

Gen.  William  H.  Bixby, 

Chief  of  Engineers ,  Washington ,  D.  C. 


LETTER  OF  REPRESENTATIVE  OF  STATE  OF  ILLINOIS. 

Chicago,  October  26,  1910. 

Gentlemen:,  Having  been  delegated  by  the  governor  of  Illinois,  Hon.  Charles  S. 
Deneen,  to  represent  said  State  as  “the  authorized  agency”  to  confer  with  you  in  the 
effort  to  reach  a  basis  upon  which  “the  United  States  may  properly  cooperate  with  the 
State  of  Illinois  in  securing  a  navigable  waterway  from  Lockport  to  the  mouth  of  the 
Illinois  River,  in  conjunction  with  the  development  of  waterpower  by  said  State 
between  Lockport  and  Utica  *  *  *  I  have  the  honor  to  submit  for  your  consid¬ 
eration  certain  facts  and  arguments  based  thereon  which  I  trust  will  bring  about  the 
eordial  cooperation  between  the  Nation  and  the  State,  which  means  so  much  to  our 
whole  people. 

On  the  3d  of  November,  1908,  the  people  of  the  State  of  Illinois  had  submitted  to 
them  by  joint  resolution  of  the  senate  and  house  convened  as  the  forty -fifth  general 
assembly  a  proposition  to  amend  the  constitution  in  such  manner  as  to  permit  the 
State  to  issue  $20,000,000  in  bonds,  the  proceeds  of  which  should  be  used  “for  the 
construction  of  a  deep  waterway  or  canal  from  the  present  water  power  plant  of  the 
Drainage  District  of  Chicago  at  or  near  Lockport,  in  the  township  of  Lockport,  in  the 
county  of  Will,  to  a  point  in  the  Illinois  River  at  or  near  Utica,  which  may  be  practical 
lor  a  general  plan  and  scheme  of  deep  waterway  along  a  route  which  may  be  deemed 
most  advantageous  for  such  plants,  locks,  bridges,  dams,  and  appliances  sufficient 
and  suitable  for  the  development  and  utilization  of  the  water  power  thereof,”  etc. 
The  amendment  was  carried  by  the  largest  majority  ever  given  to  any  measure  pre¬ 
sented  to  the  people  of  Illinois,  675,898  ayes,  193,298  nays,  284,871  not  voting  on  this 
issue.  There  has  been  no  later  consideration  of  this  amendment  and  the  overwhelming 
vote  of  the  people  remains  of  record  in  its  favor. 

The  execution  of  the  will  of  the  people  came  in  regular  order  of  business  before  the 
forty-sixth  general  assembly.  By  request  of  the  governor,  a  waterway  bill  was  pre¬ 
pared  by  the  Internal  Improvement  Commission  of  Illinois,  designed  to  meet  the 
requirements  outlined  in  the  joint  resolution  already  quoted.  This  draft  was  sub¬ 
mitted  to  Mr.  John  P.  Wilson,  an  able  constitutional  lawyer  of  national  reputation, 
who  revised  it  so  that  it  would  be  a  strictly  legal  enactment.  It  was  then  given  to  the 
governor,  who  intrusted  it  to  the  late  Senator  Frank  D.  Schmitt  for  presentation  to  the 
Senate,  where  it  became  bill  No.  52. 

It  was  introduced  on  January  28,  1909,  given  a  first  reading,  ordered  printed,  and 
referred  to  the  committee  on  waterways.  In  that  committee  it  underwent  further 
revision,  and  on  April  29, 1909,  was  voted  out  as  senate  bill  465,  and  without  further 
amendment  it  passed  the  senate.  It  was  defeated  in  the  house. 

At  the  special  session  of  the  forty-sixth  general  assembly  this  bill — known  as  the 
Schmitt  bill — was  again  passed  by  the  senate  as  bill  No.  18  and  was  again  defeated  in 
the  house.  You  have  been  supplied  with  copies  of  said  bill  No.  18  as  printed,  and  with 
a  section  added  by  me  to  meet  the  requirements  of  the  cooperation  with  the  United 
States  desired  between  Lockport  and  Utica.  This  section,  which  would  be  No.  18, 
reads,  “When  the  channel  shall  have  been  completed  in  conformity  with  the  pro¬ 
visions  of  sections  No.  1  and  No.  5  hereof,  or  so  much  of  said  channel  shall  have  been 
built  as  can  be  paid  for  with  the  proceeds  of  the  $20,000,000  of  bonds  authorized  to  be 
sold  under  the  provisions  of  section  13  hereof,  then  the  said  channel,  or  so  much  thereof 
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as  shall  have  been  completed,  shall  be  tendered  to  the  Government  of  the  United  States 
for  navigable  uses,  conditioned  upon  the  obligation  of  said  Government  to  maintain 
the  channel  for  navigation  and  to  operate  and  maintain  the  locks  free  of  cost  to  the  State 
of  Illinois.  For  all  uses  other  than  navigation,  the  channel  and  its  appurtenances 
shall  be  and  forever  remain  the  property  of  the  State  of  Illinois.” 

I  will  not  in  this  communication  present  any  argument  in  support  of  the  proposition 
that  the  Government  will  not  have  discharged  its  duty  to  the  people  of  the  United 
States  until  it  has  provided  a  waterway  from  the  Great  Lakes  to  the  Gulf  of  Mexico, 
but  will  for  my  present  purpose  assume  that  as  an  admitted  contention.  I  have  sub¬ 
mitted  to  you  the  report  of  the  Internal  Improvement  Commission  of  Illinois  covering  a 
project  presented  by  it  for  the  waterway  from  Lockport  to  Utica.  By  reason  of  its 
official  relation  to  this  whole  subject  that  commission  availed  itself  of  the  data  secured 
by  the  several  boards  of  United  States  engineers  who  have  made  surveys  and  reports, 
called  for  by  sundry  acts  of  Congress,  covering  the  waterway  from  Lockport  to  Utica. 
Of  these  surveys  and  reports  the  most  exhaustive  was  that  of  1905.  Under  caption 
“The  State  project”  this  proposed  construction  is  described  and  the  estimated  cost  of 
creating  it  is  given  on  pages  46  to  53  of  that  report,  and  maps  showing  the  route  and  the 
location  of  locks  and  dams  are  bound  up  in  the  report.  These  estimates  have  received 
the  critical  attention  of  a  prominent  member  of  the  profession,  and  I  have  submitted 
to  you  his  criticisms  and  my  reply  thereto.  Should  you  desire  them,  I  will  submit  the 
estimates  in  detail,  which  were  prepared  under  my  direction. 

I  do  hot,  as  the  conferee  for  the  State  nor  as  chairman  of  the  Internal  Improvement 
Commission,  ask  you  to  adopt  or  approve  that  plan,  which,  should  further  study  and 
more  detailed  investigation  of  physical  conditions  suggest  alterations,  we  are  prepared 
to  revise  and  improve  upon.  What  I  ask  on  behalf  of  the  State  is  that  you  recommend 
to  the  United  States  that  it  accept  from  the  State  of  Illinois  a  channel,  or  so  much 
thereof  as  can  be  built  with  the  proceeds  of  the  sale  of  $20,000,000  of  State  bonds, 
provided  the  work  done  shall  be  of  a  substantial  and  permanent  character,  and  that 
the  channel  shall  be  of  such  ample  dimensions  as  to  carry  the  full  volume  of  water 
which  may  flow  through  it  at  velocities  entirely  consistent  with  safe  and  easy  naviga¬ 
tion  by  all  water  craft — of  such  length,  breadth  of  beam,  and  depth  of  draft  as  can  pass 
through  the  locks — which  may  seek  passage  through  said  channel.  And  further,  that 
should  the  $20,000,000  to  be  provided  by  the  State  prove  insufficient  to  complete  the 
work  in  its  entirety,  the  United  States  defray  the  cost  of  completion  upon  plans 
approved  by  its  Chief  of  Engineers  and  carried  out  under  the  direction  and  control  of 
the  War  Department. 

The  manifest  intent  of  bill  No.  18  is  that  the  State  of  Illinois  shall  be  the  owner  of 
the  water  power  which  will  be  created  as  outlined  in  that  bill.  In  the  1905  report 
upon  the  14-foot  waterway  made  “by  a  board  of  officers  of  the  Corps  of  Engineers, 
United  States  Army,”  on  page  12  occurs  this  language:  “The  best  development  of 
water  power  would  no  doubt  in  some  cases  call  for  a  different  arrangement.  Fewer 
dams  and  those  of  greater  height  and  of  a  fixed  type  might  from  that  point  of  view  be 
desirable.  The  plan  submitted  is  not  designed  to  develop  water  power;  but  there 
will  probably  be  no  difficulty  in  modifying  it  so  as  to  conform  to  such  development 
if  those  to  benefit  thereby  will  cooperate  with  the  Government.  They  should  pay 
the  cost  of  the  dams  and  the  damages  from  flowage,  which  is  no  more  than  they  would 
be  compelled  to  do  if  the  Government  made  no  improvement.” 

The  State  of  Illinois  seeks  to  comply  with  the  principles  laid  down  by  that  “board 
of  officers  of  the  Corps  of  Engineers  of  the  United  States  Army,”  and  to  do  more  than 
they  recommend,  for  it  seeks  to  build  a  waterway  of  greater  dimensions  than  those 
called  for  by  the  recommendations  of  the  said  officers,  and  not  only  to  build  the  channel 
and  the  dams  but  to  build  the  locks,  or  so  many  of  them  as  the  money  to  be  made  avail¬ 
able  under  the  constitutional  amendment  authorized  by  the  franchised  people  of  the 
State  on  November  3,  1908,  can  pay  for,  after  paying  for  the  channel,  the  dams,  and 
the  water  power;  and  in  return  it  asks  that  the  water  be  allowed  to  flow  and  that  it, 
the  State,  may  become  the  beneficiary  of  the  water  power  made  possible  by  that 
flow  and  made  available  by  the  work  of  the  State  and  paid  for  with  its  money.  The 
uses  of  water  abstracted  from  Lake  Michigan  are  of  merit  in  the  order  named:  Sanita¬ 
tion,  navigation,  water  power. 

So  far  as  I — your  conferee — am  consulted  or  can  influence  the  action  of  the  State  of 
Illinois,  that  advice  will  be  given  and  that  influence  exerted  to  bring  about  a  speedy 
prosecution  of  the  work  upon  the  following  basis:  That  all  rockwork  shall  be  given  its 
full  width  and  depth;  that  the  northernmost  lock  at  the  Sanitary  District  power  house 
be  built;  that  the  dams  and  power  houses  be  built;  that  the  plans  south  oi  Joliet  shall 
provide  for  a  channel,  the  ultimate  depth  of  which  shall  not  be  less  than  14  feet  and  the 
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immediate  depth  of  which  shall  not  be  less  than  9  feet;  that  the  locks  shall  be  built 
so  far  as  they  can  be  with  the  money  provided  by  the  State;  and  that  should  that 
money  not  suffice  to  build  all  of  the  locks,  that  the  sites  of  the  locks  which  can  not  be 
built  with  the  State  funds  be  carefully  preserved  and  the  adjacent  dams  be  so  con¬ 
structed  as  that  they  can  be  easily  and  properly  joined  to  the  locks.  In  all  cases  care 
will  be  taken  to  so  locate  the  power  houses  and  forebays  that  they  may  not  be  an 
obstruction  or  hindrance  to  navigation. 

Respectfully  submitted. 

I  sham  Randolph, 

Conferee  for  the  State  of  Illinois. 

Commissioners  appointed  by  the  Secretary  of  War  under  certain  requirements  of 
H.  R.  20686  (see  Pub.  Doc.  No.  264): 

Gen.  W.  H.  Bixby,  Chairman. 

Col.  C.  McD.  Townsend. 

Maj.  J.  B.  Cavanaugh. 

Maj.  C.  Keller. 

Mr.  John  Bogart. 


BILL  INTRODUCED  IN  THE  GENERAL  ASSEMBLY  OP  THE  STATE  OP  ILLINOIS  TO  AUTHOR¬ 
IZE  THE  CONSTRUCTION  OP  A  WATERWAY  PROM  LOCKPORT  TO  UTICA,  ILL.,  BY  THE 
STATE  OP  ILLINOIS. 

(Senate,  No.  18,  Forty-sixth  Assembly,  Special  Session,  December  14,  1909.  Resubmitted  to  Illinois  State 

Legislature,  December,  1910.] 

Introduced  by  Mr.  Schmitt,  December  14,  1909.-— Read  first  time,  ordered  printed 

and  referred  to  Committee  on  Waterways. 

A  BILL  For  an  act  to  provide  for  the  construction  of  a  deep  waterway,  or  canal,  from  the  water  power 
plant  of  the  Sanitary  District  of  Chicago,  at  or  near  Lockport,  to  a  point  in  the  Illinois  River,  at  or  near 
Utica,  and  for  the  development  and  utilization  of  the  water  power  that  may  be  created  from  the  water 
flowing  through  said  waterway,  and  to  create  a  commission  to  carry  out  the  provisions  of  this  act. 

Section  1.  Be  it  enacted  by  the  people  of  the  State  of  Illinois  represented  in  the  general 
assembly:  That  a  deep  waterway,  or  canal,  be  constructed  by  the  State  of  Illinois 
from  the  water  power  plant  of  the  Sanitary  District  of  Chicago,  at  or  near  Lockport, 
in  the  township  of  Lockport,  county  of  Will,  to  a  point  in  the  Illinois  River  at  or  near 
Utica,  and  that  there  shall  also  be  erected,  equipped,  and  maintained  by  the  State 
of  Illinois,  power  plants,  locks,  bridges,  dams,  and  appliances  sufficient  and  suitable 
for  the  development  and  utilization  of  the  water  power  of  said  deep  waterway,  or 
canal,  and  that  the  cost  of  constructing,  erecting,  and  equipping  the  aforesaid  public 
works  shall  be  paid  out  of  the  proceeds  of  bonds  of  the  State  of  Illinois  to  be  issued 
and  sold  as  hereinafter  provided. 

Sec.  2.  The  construction,  management,  and  operation  of  said  deep  waterway,  or 
canal,  power  plant,  locks,  bridges,  dams,  and  appliances,  shall  be  under  the  control 
of  a  board  of  five  (5)  commissioners  to  be  known  as  the  Board  of  Commissioners  of  the 
Illinois  Deep  Waterway;  not  more  than  three  (3)  of  which  said  commissioners  shall 
belong  to  or  be  affiliated  with  the  same  political  party.  The  said  commissioners 
shall  be  appointed  by  the  governor,  by  and  with  the  consent  of  the  senate.  The 
governor  shall  designate  one  of  said  commissioners  to  be  the  chairman  of  said  board. 
Of  the  commissioners  first  appointed  two  (2)  shall  hold  office  until  the  1st  day  of 
July  in  the  year  1911,  two  (2)  shall  hold  office  until  the  1st  day  of  July  in  the  year 
1913,  and  one  (1)  shall  hold  office  until  the  1st  day  of  July  in  the  year  1915.  The 
successors  in  office  of  the  commissioners  first  appointed,  as  aforesaid,  shall  also  be 
appointed  by  the  governor,  by  and  with  the  consent  of  the  senate,  and  each  successor 
in  office  thus  appointed  shall  hold  office  for  a  term  of  six  (6)  years  from  the  date 
of  the  expiration  of  his  predecessor’s  term  of  office;  except  that  members  who  shall 
be  appointed  to  fill  vacancies  occurring  otherwise  than  by  lapse  of  time  shall  hold 
office  only  for  the  unexpired  term  of  the  member  in  whose  place  the  new  member 
shall  be  appointed.  The  said  board  shall  adopt  an  official  seal  and  may  authenticate 
all  its  official  acts  with  the  same.  For  all  legal  purposes  the  said  commissioners  shall 
be  deemed  officers  of  the  State,  and  all  business,  contracts,  writings,  and  acts  shall 
be  made  and  suits  prosecuted  by  them  in  the  name  of  the  Board  of  Commissioners  of 
the  Illinois  Deep  Waterway;  but  they  shall  not  be  considered  a  distinct  corporation. 
Before  entering  upon  the  duties  of  his  office  each  commissioner  shall  take  and  sub¬ 
scribe  the  following:  oath: 

“I  do  solemnly  swear  (or  affirm,  as  the  case  may  be)  that  I  will  support  the  Consti¬ 
tution  of  the  United  States  and  the  constitution  of  the  State  of  Illinois  and  that  I  will 
faithfully  discharge  the  duties  of  the  office  of  deep  waterway  commissioner  according 
to  the  best  of  my  ability.” 
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He  shall  also  give  an  official  bond,  payable  to  the  people  of  the  State  of  Illinois,  in 
he  sum  of  twenty-five  thousand  dollars  ($25,000)  with  at  least  two  (2)  sufficient  sure- 
ies  to  be  approved  by  the  governor,  conditioned  for  the  faithful  discharge  of  his 
>ffice  and  for  a  faithful  accounting  of  all  moneys  entrusted  to  him  as  such  commis- 
ioner,  whenever  and  as  often  as  he  shall  be  lawfully  required.  Such  oath  and  bond 
hall  be  filed  in  the  office  of  the  Secretary  of  State. 

Sec.  3.  The  said  board  shall  appoint  a  secretary,  a  treasurer,  a  chief  engineer,  and 
m  attorney,  and  such  other  officers,  agents,  and  assistants  as  said  board  may  deem 
lecessary.  *The  chairman  of  the  board  shall  be  the  presiding  officer  at  all  meetings  of 
,he  board  and  shall  hold  his  office  for  two  years  and  until  his  successor  is  appointed, 
md  shall  be  the  executive  officer  of  said  board  and  shall  sign  all  official  documents 
imanating  from  or  authorized  by  said  board.  All  officers  elected  by  said  board  shall 
mid  their  respective  offices  during  the  pleasure  of  the  board;  and  said  board  shall  pre¬ 
scribe  the  duties  and  fix  the  compensation  of  all  the  officers,  agents,  and  employes  of 

Said  board  shall  have  power  to  pass  all  ordinances,  rules,  and  regulations  which  may, 
n  the  opinion  of  said  board,  be  necessary  for  the  proper  management  and  conduct  of 
t8  business  and  to  accomplish  the  objects  for  which  it  is  created.  All  business  of  said 
ijoard  shall  be  transacted  at  regular  meetings  of  the  board  or  at  meetings  held  in  accord- 
ince  with  its  rules.  The  affirmative  vote  of  at  least  three  (3)  members  of  said  board 
shall  in  all  cases  be  necessary  to  transact  business  and  to  authorize  the  making  of  any 
contract  or  appropriation  or  expenditure  of  money . 

Sec.  4.  Each  of  the  aforesaid  commissioners  shall  receive  a  salary  of  five  thousand 
Iollars  ($5,000)  per  year,  while  that  one  of  the  said  commissioners  who  shall  be  desig- 
lated  as  chairman  of  the  board  shall,  in  addition  to  his  annual  salary  of  five  thousand 
iollars  ($5,000)  as  commissioner,  receive  the  further  sum  of  two  thousand  five  hundred 
iollars  ($2,500)  per  year,  making  his  salary  seven  thousand  five  hundred  dollars 
'$7,500)  per  year  so  long  as  he  shall  be  the  chairman  of  said  board. 

‘  The  attorney  for  said  board  shall  receive  a  salary  of  not  to  exceed  five  thousand 

iollars  ($5,000)  per  year.  .  . ,  ,  ,  ,  ,  „ 

Sec.  5.  The  secretary  shall  be  the  custodian  of  the  records  of  said  board  and  shall 
snter  upon  permanent  records  the  official  minutes  of  all  meetings  of  said  board,  in 
which  shall  be  entered  all  the  official  acts  of  said  board  and  a  record  of  the  votes  of  the 
several  members  of  the  board  upon  all  ordinances  or  resolutions  authorizing  the  mak¬ 
ing  of  contracts  or  the  expenditure  or  appropriation  of  moneys. 

The  said  board  before  entering  into  any  contract  for  the  construction  of  any  part  of 
said  deep  waterway,  or  canal,  or  any  other  of  the  said  public  works  connected  there¬ 
with,  shall  cause  to  be  made  plans  and  specifications  for  the  said  public  works,  together 
with  reliable  and  carefully  prepared  estimates  of  the  cost  of  constructing,  completing, 
and  installing  all  of  said  public  works,  for  the  purpose  of  ascertaining  whether  the  total 
cost  of  the  construction,  completion,  and  installation  of  said  public  works  can  with  cer¬ 
tainty  be  defrayed  with  the  proceeds  of  the  twenty  million  dollars  ($20,000,000)  of  said 
bonds  authorized  to  be  issued  by  the  amendment  to  the  constitution  of  the  State  of 
Illinois,  adopted  by  the  vote  of  the  people  in  the  year  1908.  And  if,  upon  the  com¬ 
pletion  of  said  plans  and  specifications  and  the  estimates  based  thereon,  it  becomes 
evident  to  the  said  board  that  the  said  sum  of  twenty  million  dollars  ($20,000,000)  is 
not  sufficient  to  defray  the  cost  of  the  entire  work,  but  is  sufficient  to  build  and  con¬ 
struct  the  aforesaid  waterway  and  all  of  the  aforesaid  public  works  except  the  locks, 
they  shall  proceed  to  build  the  same,  and  if  there  is  shown  to  be  money  in  excess  of 
the  cost  of  the  works  thus  undertaken,  then  the  money  in  excess  of  that  cost  shall  be 
expended  in  building  the  locks  or  so  many  of  them  as  can  be  paid  for  by  the  funds 
provided.  The  first  lock  to  be  constructed  shall  be  the  most  northerly  one  of  the  series 
required  for  the  waterway,  and  such  additional  locks  as  can  be  built  with  the  money 
shall  be  constructed  in  consecutive  order  along  the  downward  course  of  the  said  water¬ 
way  or  canal.  And  no  changes  shall  thereafter  be  made  in  the  said  plans  and  specifi¬ 
cations  which,  in  the  opinion  of  said  board,  would  have  the  effect  of  increasing  the 
aggregate  cost  to  the  State  of  said  public  works  to  an  amount  in  excess  of  twenty  mil¬ 
lion  dollars  ($20,000,000),  unless  the  State  shall,  by  due  process  of  law,  authorize  addi¬ 
tional  expenditures.  .  .  , 

Subject  to  the  limitations  above  specified  the  said  board  is  hereby  authorized, 
empowered,  and  directed  to  do  and  to  cause  to  be  done  all  things  necessary  for  the 
construction,  erection,  equipment,  and  installation  of  the  said  deep  waterway  or 
canal,  power  plants,  locks,  bridges,  dams,  and  appliances. 

The  route  adopted  for  said  waterway  or  canal  shall  be  through  and  along  the  Sanitary 
District  Channel  from  the  power  plant  at  Lockport  to  Joliet,  thence  in,  along  or  near 
the  Desplaines  and  Illinois  Rivers  to  its  terminus,  a  point  in  the  Illinois  River  at  or 
near  Utica.  Said  deep  waterway  or  canal  shall  have  a  depth  of  not  less  than  twenty- 
four  (24)  feet  from  the  power  plant  at  Lockport  to  Brandon’s  Bridge,  below  Joliet,  and 
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a  width  of  not  loss  than  three  hundred  (300)  feet  from  the  confluence  of  the  Desplainea 
River  with  the  pool  known  as  the  Upper  Basin,  in  Joliet,  to  Brandon’s  Bridge,  below 
Joliet,  and  from  that  point  to  its  terminus,  at  or  near  Utica,  shall  have  an  ultimate 
depth  of  not  less  than  fourteen  (14)  feet  and  a  bottom  width  of  not  less  than  two 
hundred  (200)  feet.  All  permanent  structures  appertaining  to  said  waterway,  or 
canal,  shall  be  built  with  a  view  to  an  ultimate  depth  of  24  feet  throughout  the  entire 
length  of  said  waterway  or  canal. 

Sec.  6.  The  elevation  of  the  water  level  within  the  confines  of  the  city  of  Joliet 
shall  not  be  higher  than  forty-two  (42)  feet  below  Chicago  datum,  and  to  provide 
for  the  maintenance  of  said  level,  suitable  waste  gates  and  regulating  devices  shall  be 
installed  to  insure  an  elevation  of  water  not  higher  than  aforesaid  in  times  of  extreme 
flood. 

Sec.  7.  Special  provision  shall  be  made  where  the  channel  passes  through  cities, 
towns,  and  municipalities  to  adequately  care  for  the  drainage,  sewerage,  and  flood 
waters  discharged  from  the  drainage  areas  involved  by  constructing  intercepting 
sewers  and  diverting  water  courses  to  lower  levels. 

Sec.  8.  Modern  bridges  of  adequate  size  and  suitable  design,  including  all  neces¬ 
sary  piers,  abutments,  substructures,  superstructures,  and  approaches,  shall  be 
constructed  across  the  full  width  of  the  channel,  to  replace  present  existing  structures 
owned  by  municipalities,  townships,  and  counties.  One-fourth  of  the  cost  of  main¬ 
taining  these  bridges  shall  be  borne  by  the  municipality,  township,  or  county,  and 
three-fourths  of  such  cost  shall  be  borne  by  the  State.  All  damages  to  property, 
including  the  expense  of  constructing  and  paving  approaches,  retaining  walls,  and 
sidewalks,  rendered  necessary  by  the  raising  and  lengthening  of  bridge  spans,  as  afore¬ 
said,  shall  be  adjudicated  by  the  court  of  claims  and  be  paid  out  of  the  funds  under 
the  control  of  the  said  board  of  commissioners.  To  provide  the  necessary  facilities  for 
crossing  the  proposed  navigable  channel  with  water  mains,  fire  and  police  telegraph 
wires  and  all  public  utilities,  owned  by  municipalities,  now  using  existing  bridges, 
there  shall  be  constructed  at  such  bridges  adequate  and  suitable  tunnels  or  conduits 
below  the  bed  of  the  river  channel  for  such  purposes. 

Sec.  9.  When  it  shall  be  necessary,  in  the  opinion  of  said  board,  for  the  economical 
and  successful  construction,  operation,  and  maintenance  of  the  said  deep  waterway 
and  other  public  works  hereinbefore  specified,  to  enter  upon  and  use  any  public 
property  or  property  held  for  public  use,  said  board  shall  have  the  power  to  do  so,  and 
enter  upon,  occupy,  use,  widen,  deepen,  and  improve  any  waterway,  canal,  pool,  or 
lake,  but  the  public  use  thereof  shall  not  be  unnecessarily  interfered  with.  The 
property  which  the  said  board  is  authorized  to  enter  upon  and  use  under  this  section 
includes  all  property  and  all  interests  in  property  which  the  State  of  Illinois  has  the 
lawful  power  to  appropriate  to  the  uses  of  said  waterway  or  other  public  works  without 
making  compensation  therefor. 

Sec.  10.  Whenever  the  said  board  shall  pass  an  ordinance  or  resolution  for  the  con¬ 
struction  of  any  part  of  the  said  deep  waterway,  or  canal,  or  other  public  work  or 
adjunct  thereto,  the  making  of  which  will  require  that  private  property  should  be  taken 
or  damaged,  such  board  may  cause  compensation  therefor  to  be  ascertained  and  paid 
and  acquire  possession  thereof  in  the  same  manner,  as  nearly  as  may  be,  as  is  provided 
for  in  an  act  entitled  ‘  ‘  An  act  to  provide  for  the  exercise  of  the  right  of  eminent  domain,  ” 
approved  April  10,  1872,  and  the  amendments  thereto:  Provided ,  That  the  proceedings 
to  ascertain  such  compensation  shall  in  all  cases  be  instituted  in  the  county  where  the 
property  sought  to  be  taken  or  damaged  is  situated.  The  property  which  the  said  board 
is  authorized  to  acquire  under  this  section  shall  include  all  property  and  all  interests 
in  property  which  the  State  of  Illinois  has  not  the  lawful  power  to  appropriate  to  the 
uses  of  said  waterway  and  other  public  works  without  making  compensation  therefor. 

Sec.  11.  Subject  to  the  limitations  contained  in  this  act,  the  said  board  is  hereby 
authorized  to  acquire  by  purchase  all  property,  real  and  personal,  which,  in  the 
opinion  of  said  board,  are  neceessary  or  desirable  for  the  construction,  equipment,  and 
maintenance  of  the  public  works  hereinbefore  specified  and  committed  to  the  care  of 
said  board,  to  appoint  and  employ  all  officers,  assistants,  agents,  and  employes,  to  enter 
into  all  contracts  and  to  do  all  other  acts  which,  in  the  opinion  of  said  board,  may  be 
necessary  or  desirable  for  the  construction  of  said  deep  waterway  and  for  the  erection, 
equipment,  and  maintenance  of  said  power  plants,  locks,  bridges,  dams,  and  appli¬ 
ances,  and  the  necessary  adjuncts  thereto. 

All  contracts  for  work  to  be  done  and  material  required  by  said  board  under  authority 
of  this  act,  the  expense  of  which  will  exceed  one  thousand  dollars  ($1,000),  shall  be 
let  to  the  lowest  responsible  bidder  therefor,  upon  not  less  than  sixty  (60)  days’  public 
notice,  the  terms  and  conditions  upon  which  such  contracts  are  to  be  let  to  be  given  by 
publication  in  a  newspaper  of  general  circulation  in  the  State  of  Illinois  and  also  in  an 
engineering  paper  having  general  circulation  in  the  United  States.  And  said  board 
shall  have  power  and  authority  to  reject  any  and  all  bids  and  readvertise:  Provided, 
however ,  That  said  board  may  cause  any  piece  of  work  to  be  performed  by  the  direct 
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jmployment  of  labor  without  the  letting  of  a  contract,  which,  in  the  discretion  of  the 
Doard,  evidenced  by  the  affirmative  vote  of  not  less  than  four  (4)  of  the  commissioners, 
ran  be  most  economically  performed  by  that  method.  And  all  labor  so  employed 
shall  be  under  the  direction  of  the  chief  engineer  and  his  properly  authorized  assist¬ 
ants:  And  provided  further ,  That  machinery  may  be  purchased  upon  a  like  vote, 
vithout  soliciting  competitive  bids. 

The  said  board  is  hereby  directed,  in  letting  contracts  for  the  construction  of  the 
iforesaid  public  works,  to  require  of  all  contractors,  as  a  condition  precedent  to  the 
acceptance  of  their  bids,  that  they  shall,  according  to  a  scale  of  benefits  to  be  fixed  by 
aid  board,  adequately  insure  all  workmen  employed  by  them  or  by  their  subcontractors 
.gainst  risk  of  injury  or  death  suffered  in  the  course  of  their  employment,  the  require¬ 
ments  thus  imposed  upon  contractors  to  be  uniform,  as  nearly  as  may  be,  in  all  cases. 

And  in  case  the  State  shall  undertake  the  construction  of  said  public  works,  or  any 
>art  thereof,  by  the  direct  employment  of  labor,  any  employee  of  the  State  injured 
n  the  course  of  his  employment  without  wilful  misconduct  on  his  part,  or  in  case  of 
lis  death  in  consequence  of  such  injury,  his  dependents,  shall  be  relieved  and  com¬ 
pensated  out  of  the  funds  under  the  control  of  said  board  in  accordance  with  such 
•eneral  regulations  as  it  may  establish  and  is  hereby  directed  to  establish  for  that 
mrpose. 

I  Sec.  12.  The  said  board  is  hereby  vested  with  all  police  powers  necessary  to  pre- 
erve  the  peace  and  protect  property  and  preserve  health  within  the  territory  con- 
liguous  to  said  deep  waterway,  within  a  distance  of  two  (2)  miles  on  either  side  thereof, 
|mt  excluding  therefrom  all  territory  within  which  any  incorporated  city,  town,  or 
nllage  is  vested  by  law  with  the  same  police  powers  which  are  hereby  granted  to 
aid  board.  For  the  enforcement  of  said  police  power,  the  said  board  is  authorized 
o  organize  a  police  force,  the  members  of  which  shall  have  all  the  powers  vested 
>y  law  in  constables.  The  said  board  shall  also  have  power  to  prescribe  sanitary 
egulations  for  all  camps,  boarding  houses,  dwellings  where  the  employees  of  said 
joard  are  domiciled,  and  any  violation  of  any  police  or  health  rule  or  regulation  of  said 
>oard  shall  be  deemed  a  misdemeanor  punishable  as  such  upon  trial  and  conviction 
Is  provided  by  law  in  other  cases.  Said  board  shall  have  power  to  appoint  a  health 
>ffieer,  who  shall  be  a  physician,  and  to  prescribe  his  powers  and  duties. 

Sec.  13.  For  the  purpose  of  defraying  all  expenditures  of  said  board  made  by 
luthority  of  this  act  there  shall  be  issued  and  sold,  in  the  manner  and  at  the  times 
Hereinafter  recited,  bonds  of  the  State  of  Illinois  to  an  amount  not  exceeding  twenty 
nillion  dollars  ($20,000,000)  and  the  proceeds  thereof  shall  be  paid  to  the  State  treas- 
irer,  who  shall  keep  an  account  of  the  same  as  a  separate  fund  to  be  known  as  the 
[Waterway  fund”  and  to  be  drawn  upon  by  the  said  board  in  the  construction  and 
haintenance  of  the  aforesaid  public  works.  The  board  of  commissioners  is  charged 
nth  the  duty  of  selling  said  bonds  to  the  highest  bidder  after  advertising  for  a  period 
>f  sixty  (60)  consecutive  days,  Sundays  excepted,  in  at  least  two  daily  newspapers, 
>ne  of  which  shall  be  printed  in  the  city  of  Springfield  and  the  other  in  the  city  of 
Chicago.  The  said  board  may  reject  any  and  all  bids  made  in  pursuance  of  said 
idvertisements,  and  in  such  event  is  authorized  to  re-advertise  for  bids  in  the  manner 
.bo ve  described  as  many  times  as  may  be  necessary  to  effect  a  satisfactory  sale.  One- 
ifth  of  each  issue  of  said  bonds  shall  be  in  denominations  of  two  hundred  dollars  ($200) 
[ach,  one-fifth  in  denominations  of  five  hundred  dollars  ($500)  each,  and  three-fifths  in 
denominations  of  one  thousand  dollars  ($1,000)  each;  and  in  the  sale  of  said  bonds,  as 
hereinafter  provided,  the  board  of  commissioners  shall,  in  the  case  of  intending  pur¬ 
chasers  who  bid  the  same  price,  give  the  preference  to  those  who  bid  for  the  smaller  quan- 
ity .  Said  bonds  shall  not  all  be  issued  and  sold  at  one  time,  but  shall  be  issued  and  sold 
roin  time  to  time,  as  the  work  proceeds,  in  amounts  necessary  to  meet  the  obligations 
ncurred  by  said  board  as  they  shall  be  estimated  by  the  chief  engineer  and  reported 
o  and  approved  by  said  board.  All  bonds  issued  shall  be  dated  as  of  the  first  day  of 
january  or  the  first  day  of  July  next  preceding  the  date  of  their  issue,  and  shall  draw 
nterest,  payable  semi-annually,  evidenced  by  interest  coupons,  at  a  rate  not  exceed- 
ng  four  (4)  per  cent  per  annum,  and  shall  be  sold  for  not  less  than  par.  All  bonds 
issued  shall  be  made  payable  in  twenty  (20)  years  from  the  date  of  their  issue,  and, 
n  the  discretion  of  the  said  board,  may  be  made  redeemable  in  ten  (10)  years  from  the 
late  of  their  issue.  They  shall  be  engraved  and  printed  under  the  direction  of  the 
:overnor,  shall  be  under  the  seal  of  the  State,  shall  be  signed  by  the  governor,  and 
ountersigned  by  the  treasurer  and  auditor  of  the  State,  and  until  sold  shall  be 
leposited  with  the  State  treasurer.  The  estimate  made  and  approved,  as  afore- 
aid,  of  the  funds  which  will  be  required  to  meet  the  obligations  for  the  said  work, 
ncluding  maturing  interest  on  outstanding  bonds  for  a  period  of  six  (6)  months  begin- 
dng  with  the  1st  day  of  January  or  July  next  ensuing  thereafter,  shall  be  made  and 
iled  with  the  Governor  of  the  State  of  Illinois  in  the  months  of  April  and  October 
<  »f  each  year. 
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Sec.  14.  All  payments  for  salaries,  wages,  work  done  under  contract,  materials, 
supplies,  machinery,  lands  and  damages  to  lands,  shall  be  made  by  the  State  treasurer 
out  of  the  aforesaid  waterway  fund,  upon  warrants  drawn  by  the  auditor  of  public 
accounts,  based  upon  bills  of  particulars  and  vouchers  certified  by  the  official  or 
agent  of  the  said  board  having  knowledge  of  the  facts  upon  which  the  said  vouchers 
are  based,  audited  by  the  secretary  and  approved  by  the  chairman  of  the  board.  The 
said  board  shall  prescribe  the  manner  in  which  payment  shall  be  made  for  the  current 
and  emergency  expenses  and  provide  for  safeguarding  all  disbursements  of  funds 
on  this  behalf.  The  said  board  shall  have  power  to  keep  under  its  control  a  fund  to 
meet  immediate  demands  and  expenses,  not  exceeding  at  any  one  time  fifty  thousand 
dollars  ($50,000.00),  and  for  the  purpose  of  creating  the  said  emergency  fund  the 
auditor  of  public  accounts  is  authorized  in  the  first  instance  to  issue  his  warrant  for 
the  sum  of  fifty  thousand  dollars  ($50,000.00)  at  the  direction  of  the  said  board,  and 
payable  to  its  treasurer;  and  the  auditor  of  public  accounts  is  authorized  thereafter 
to  issue  warrants  for  the  purpose  of  maintaining  said  fund  at  the  sum  of  fifty  thousand 
dollars  ($50,000.00),  but  shall  only  issue  said  warrants  upon  the  presentation  to  him  of 
receipted  bills  of  particulars  and  vouchers,  certified  by  the  official  or  agent  of  said 
board  having  knowledge  of  the  facts  upon  which  the  vouchers  are  based,  audited  by 
the  secretary  and  approved  by  the  chairman  of  the  board,  and  showing  the  disburse¬ 
ments  made  by  said  board  out  of  the  aforesaid  emergency  fund. 

Sec.  15.  The  said  board  shall,  on  or  before  the  first  day  of  January  in  each  year, 
make  a  f  ull  report  to  the  governor  of  the  State  of  Illinois  of  all  the  business  transacted 
by  it  during  the  year  ending  on  the  preceding  30th  day  of  November,  including  a 
statement  of  all  expenditures,  contracts  entered  into,  work  done,  and  obligations  out¬ 
standing  or  contracted  for  at  the  date  of  the  making  of  each  report.  The  governor 
shall  cause  the  books  and  affairs  of  said  board  to  be  audited  in  each  year  by  an  account¬ 
ant  or  accountants  employed  by  him  for  that  purpose,  and  the  cost  of  such  audit 
shall  be  paid  as  a  part  of  the  cost  of  the  work  authorized  by  this  act,  upon  a  voucher 
approved  by  the  governor. 

Sec.  16.  Said  board  shall  have  power  from  time  to  time  to  lease  any  water  power 
developed  from  the  water  passing  through  said  deep  waterway,  or  canal,  subject  to 
the  following  conditions: 

No  lease  shall  be  made  of  any  water  power  until  the  machinery  and  appliances  for 
making  the  same  available  shall  have  been  constructed  and  substantially  completed. 
Before  any  such  lease  shall  be  made,  at  least  ninety  (90)  days’  public  notice  of  the 
intended  letting  shall  be  given  by  publication  in  a  newspaper  published  in  the  city 
of  Springfield,  and  also  in  the  city  of  Chicago,  and  such  other  notice  as  the  board  shall 
deem  best.  The  said  board  shall  have  power  to  require  the  bids  to  be  accompanied  by 
security,  and  may  reject  all  bids  not  satisfactory  to  them  and  readvertise  until  they 
receive  satisfactory  bids,  whereupon  they  shall  lease  said  power  to  the  highest  and 
best  bidder.  No  lease  shall  be  for  a  period  exceeding  ten  (10)  years,  but  the  said 
board  may  provide  for  not  more  than  one  extension  of  any  lease  for  a  further  period  of 
ten  (10)  years,  at  a  rent  to  be  fixed  by  appraisal  to  be  made  by  three  disinterested 
appraisers,  to  be  selected  or  appointed  in  such  manner  as  shall  be  provided  in  the 
lease.  Said  board  shall  also  have  power  to  lease  from  time  to  time  any  of  the  lands 
or  lots  acquired  by  said  board,  upon  the  same  terms  and  subject  to  the  same  limitation 
as  are  hereinbefore  provided  in  regard  to  water  power. 

Sec.  17.  All  rents  and  other  moneys  received  by  the  said  board,  from  the  operation 
of  the  aforesaid  public  works,  after  defraying  the  cost  of  maintenance  and  repair,  shall 
be  deposited  in  the  State  treasury  as  a  separate  fund,  to  be  known  as  the  waterway 
sinking  fund,  which  shall  be  kept  and  used  to  meet  the  interest  and  principal  falling 
due  upon  said  bonds,  and  to  be  used  by  said  board,  in  its  discretion,  in  buying  up 
for  cancellation  any  of  said  bonds  before  maturity  at  not  more  than  the  par  value 
thereof,  together  with  accrued  interest  thereon.  The  method  of  disbursing  the  said 
waterway  sinking  fund  shall  be  the  same  as  is  hereinbefore  provided  for  the  dis¬ 
bursement  of  the  proceeds  of  the  said  bonds  issued  in  aid  of  the  original  construction 
of  said  public  works. 

Sec.  18.  When  the  channel  shall  have  been  completed  in  conformity  with  the  pro¬ 
vision  of  sections  No.  1  and  No.  5  hereof,  or  so  much  of  said  channel  shall  have  been 
built  as  can  be  paid  for  with  the  proceeds  of  the  $20,000,000.00  of  bonds  authorized 
to  be  sold  under  the  provisions  of  section  13  hereof,  then  the  said  channel,  or  so  much 
thereof  as  shall  have  been  completed,  shall  be  tendered  to  the  Government  of  the 
United  States  for  navigable  uses,  conditioned  upon  the  obligation  or  agreement  of  said 
Government  to  maintain  the  channel  for  navigation  and  to  operate  and  maintain  the 
locks  free  of  cost  to  the  State  of  Illinois.  For  all  uses  other  than  navigation  the  chan¬ 
nel  and  its  appurtenances  shall  be,  and  forever  remain,  the  property  of  the  State  of 
Illinois. 


